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FIRST 	 4NNUAL REPORT OF THE PROJECT . 936--5542 

"REGENERATION OF PISTACHIA VER". 

The project was initiated on the 1st October, 19R7. 

Recruitment of the workers was completed and the following 

were nppointed on the dates mentioned against their names: 

1. 	 Mr. Tariq Iqbal Shah Research Geneticist 15.10.R7 
M.5c. (Botany) 

2. Mr. 	Zaheer Ahmad, Research Chemist 15.10.87 
M.Sc. 	 (Chemistry) 

3. 	 Mr. Zamurd Hussain, Junior Experimental 15.10.B7 
B.Sc. Officer 

4. 	Miss Fehra 7afnr Junior Exprrimental 1.11.n7 
M.9c. (Botany) Officer 

5. 	Mr. Mujtaba Gilani, Laboratory Assistant 1.10.B7 
F.Sc. 

6. Mr. 	Naveeu Haider Laboratory Attendant 15,10.87 

The following joined frrm the PCSIR Laboratories. 

1. 	 Dr. Nasreen Zaidi Co-Principal
 
(Botany) Investigator
 

2. 	 Mrs. Shaista Jabeen Junior Scientific
 
M.Sc.(Chemistry) Officer
 

3. 	 Mr. Athar Hussain Ph.D. student
 
M.Sc. (Botany)
 

Services of M/s. 	 Tari- Inba] Shah and 7amurd Hussain were 

terminated after 7 and 3 months respectively due to their 

unsatisfactory performance. Mr. Mujtaba Gilani resigned due 

to his family circumstances and Miss 9. Ayesha Hassan replaced 

him.
 

http:15,10.87
http:15.10.B7
http:15.10.87
http:15.10.R7
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The following colleagues have submitted their synopsis
 

for registration for Ph.D. studies:
 

1. Mr. Zaheer Ahmad ) Copies of the synopsis 
2. Mr. Athar Hussain ) are attached 
3. Mrs. Shaista Jabeen) 

Laboratory facilities ir.cluding four incubation rooms, 

one inoculation chamber, two 
rooms for media preparation with
 

working bench facility were created during first year of the 

project. Equipment renuired for medium nreparation, qtarili

zation, inoculation and incubation of the explants was purchased 

arid instailed. 

Two spacious rooms were furnished and handed over to the 

research staff. 

Fabrication of Green Houses 

Two green houseJ 22 x 28', one covered with fibre glass 

and the other with double glaqs sheets were fabricated. These 

are fitted with air-conditioners, heaters, fans, humidifiers 

and other units for preciqe control of environmental conditions 

(temperature, light and humidity). \1l1 the units inatnlled in 

the green houses are locally available so renair or replecement 

will not be a problem (photographs attached). 

Lists of equipment and chemical to be pLrcha.ed were 

prepared, tenders were floated and comparative statements were 

prepared. Final list for the purchases was prepared on the basis 

http:pLrcha.ed
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of the instructions contained in the contract document and 

submitted to US AlID office, Islamabad. 

Provision of Healthy Seedlingi
 

The first step consisted of providing healthy seedlings 

from aseptically germinated seeds for the studies mentioned 

below: 

a) somatic embryogenesis
 
b) rejuvenation work
 
c) development of new varieties
 
d) clonal propagation
 

Seeds of Pistacia vera served as the sot.rce of explants. 

The seeds were obtained from the Department of Agriculture, 

rluetta, Pakistan. Results of aseptic cuolture of healthy pistachio 

seedlin93 indicated that physicl rind chrmical tretments 

affected germination of the seeds as we.ll as he:lth/viqor of 

the seedlings. 

1. Disinfection of the speds with P.1 % (w/v) HgCl 2 

solution for 15 minutes effectively controlled 

contamination and improved qermination response. 

2. Removal of seed coat requIted in mechanical injury 

which reduced supply of nutrients from cotyledon to
 

young plantlet. Polyphenolic drischarge, dtirir, 

vigorous growth of the cotyledons, inhibited growth 

of the seedling. 

3. 	 Chilling at 4 C helped in brehkinq dormancy of the 

seeds. Germination response of the -eeds with seed 
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coat, after chilling for 4B hrs and incubation at 

25 + 2°C was maximum (75 %). 

15° 4. 	 Incubation at without chilling, resulted in
 

80 % 	germination of the seeds. 

5. 	 Seeds culturpd on inert quhtrate or nutrient media 

with or without Supplementition with growth 

regulators affected size of the root, shoot and 

number of leaves.
 

a) Seed]ings grown/edia iunplemented with hormones
 

grew vigorously. Length of shoot and size of 

].eaves was maximum in the presence of the 

growth regulators. Root growth and number of 

leaves was more in hormone free media. 

b) Supplementation of the nuitrient medium with BA, 

NAA and Kin individually or in combination 

markedly affected size and numher of leaves and 

stem. 4 mg/i BA plus I mg/i each of Kin and NAA 

induced multiple shoot formation with a diameter 

of 30-35 mm and leaf size (.xw) 4 0x3n mm. 

c) 	 Macro and micro nutrients of four different 

media, as reported by Muranshiqle and 5knog (1962) 

Lloyl and McCown (1700), Driver and Kunijuki(lq4) 

end Eriksson (1965), had minor effect on seed
 

germination and explant survival percentage 
or
 

increase in the size of the explant. Woody Plant 

Medium composition wa. most suitable for exolant 
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survival, Ms, WP and EK media induced maximum increase
 

in the size of the explant. MS, WP and IlK media were 

erually effective for seed germination. B5 medium
 

had little effect on germination/survival percentage 

and increase in the sze of the explant.
 

Selection of Suitable Explant Material 

Explants obtained from 
young seedling were cu] tured 
on
 

MS medium containing BA (0.1-2 mg/i) 
and NAA (0.1-1.5 mg/i).
 

TiqqUsi of the cotyladonary explant, were 
found to he most active.
 

Coty]eronary explants 
formed call'i, roots arid embryoids. Roots
 

and callus were formed by cotyledonary stalkq while roots of 

seedlings formed only calli. Slides prepared by free hand cut 

sections of the cultured cotyledons showed heart shape embryos 

with definite vascular axis and developing cotyleionary lobes. 

Further development of the embryos was restricted due to embryos 

inhibitory effect of polynhenolic suhfetances. The study indicated 

that cotyledons of the seed]ing3can he safely used as explants 

for somatic embryogenesis and clorial pronagation by tissue 

cul turn and for development of new varieite. by cell culture 

technique.
 

Cronal Propaqation by Tissue Cu]ture Method 

CotYledons of seeds grown rn culture media containing auxirs
 

and cytokins in different concentrations formed calli. Low 

:oncentration of 2,4-D or IAA (i.e. l-2mri/l) induced callus
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formation but the texture was poor. Combination of 2,4-D with 

iAA, or NAA, KIN and/or BAP induced, active callngenesis and 

formed fair textured calli. Fair nuality texture was also 

formed in the presence of relatively high concentration of 

2,4-T) (4 mg/.) hut callus induction wa,- delayed. Similarly 

addition of GA 3 retarded calhIS induction but the callus formed 

was of fair texture. 

Cotylprdonary explants actively reoponded to a combination 

of 2,4-I) ,ndn KIN (2 lg/1 each). Calli were nodular 11nrd whil C 

and there was no browning of the tissu, Ca.llngenesis was 

induced at a slow rate when the medium contained 2 mg/I BAP 

arid 2 mq/i of 2,A-D. Browning of the tiqsute was also evident. 

4 mg/I N'A also actively induced callus formation along with 

adventitious roots emerging directly from the cotyledons. 

Addition of NH Cl (100rmg/J) to the medium containing 

2 mg/i of BAP, KIN and 2,4-D affected text:ure of the caili and 

regeneration potential. Calli white, nodular, compactwere 
 or
 

friable, but no embrogenesis was noted whereas Torpido shaped
 

embryos were observed in a medium without NH 4C.1 

Development of New Varieties by Cell Culture
 

Production of more and friable cilli 
was the first step
 

to initiate cell culture of P. vera. Cotyledons of growing
 

seedling were kept on full 
and half strength MS media supplemente 

wi. th variou.s auxins and cytokinins, added .inigy or in combinntio 

Response regarding colour, texture and callus formation was 

observed.
 



Full strength MS medium was most iui'able for 

obtaining good nuantity calli whereas half strength medium was 

effective for improvement in friability of the calli.
 

Variety of explants, cotyledons, embryonic axis, seed 

coat, shoot tisnue and mesocarn tissup were used for callus 

formation. Best results were obtained with cotyledonary 

explants while mesocarp tissue nlno formed cnllus after 3 or 4 

subcultures. Subculturing helped in overcoming the inhibitory 

effect of polyphenolic discharge from cut ends of the explants. 

Experiments were conducted to ohtain most muitable 

physical anrid chemical factors for the fnrmation of highly 

friable ca]li. This i, being extended to the introduction of 

callus culture to suspension medium. 

Anatomical Analysis of the Exolants Cultured In Vitro 

Fffect of different hormonal comhinations on juvenile 

explants wag anatomically analysed. 5t.ction.q of expliant3s were 

prepared by microtomy and free hand cutting. Camli were observer 

by smear method, Induction of trachia]. element or any morpho

logical change in parenchymatous tissue were detected by 

ohservinq the slides under microscope after passing through 

specific staining techninues. Photogranhq of some of the results 

are recoirded and interpreted individually. 
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REGENERATION THROUGH TISSUE CULTURE 

PLAN OF WORK 

1. 

2. 

Induction of caiJus from juvenile explants 

nemdling. 

Induction of Somatic tmbryoqenesi5 and/or 

organoqenesin from variety of clli 

of 
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ABBREVIATIONS 

IBA 

KIN 

NAA 

DAP 

IAA 

MS 

15 

WP 

Ek 

Dk 

Indolebutyric acid 

Kinetin 

Nanhthalenn acetic ncid 

6-Benzyl amirto purine 

Indole-3-ncetic acid 

Muranhige, T. & Skoog, F. 

Gamborg et al. (1968) 

Woody Plant med.ium 

Erickson's medium 

Driver and Kunijuki 

(1962) 
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9pteds nf P. vera (with and without seed coat) were
 

diginfncted, before culture in vitro, by soaking in 0.1 
% (w/v) 
mercuric chloride solution containing Iween ?Dl at a rate of 

5-6 drops ner 1o ml of the disinfactant. It is evident from 

table 1 that soaking of the qeedq without seed coat for 10 

minutes was most suitable for control]ing contamination. Only
 

10 % of the explahts become infected during incuibation whereas 

qe.liination response was also fair. The seerl,3 with seed coats took 

more time (15 minutes) for disinfection and the rate of contami

nat.ion was somewhat more i.e. 20 %. However, there was improvement 

in the germination. The drawback in either case was that health 

of the ascentically grown seedlinga was quite poor. 

The effect of disinfactants on growth of seedlings ani 

their health is presented in table 1 The seed coat seems to
 
maintain some compressional force against the walls of cotyledons 

which was indirectly transferred to the germinating embryo. As 

a result of this, water absorption wag slow and the growing 

pIumule gradually emerged out of coty..,idons without damaging 

cotylerlonary stalks. On the other hinv seedlings germinated from 

seeds without seed coats broke one of the cotyledonary stalks. 

Although such seedlings grew vigorously in the initial qtage 

but rienendence on one cotyledon suon affecteri thei r growth 

and vigor. UIninterunted enlargement of the cotyledons, due to 

excessive water absorption, in case of seeds with seed coats 
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c, ued minute injuries alonq with the ahaxial surface of the 

cotyledons which resulted in browning of the cotyledons and 

of the medium. Thi 5 adverse]v affected growth of the seedlings 

(table 2). 

It is evident from table '9 that chilling at A 0C helped 

in breaking dormancy of the seeds. Germination repon-e of the 

seeds with seed coat, after cold tre.itment for 49 hours and 

incubation at 25+2°C was maximum (75 %). 

Suibahle salt compositions for imprnving the health of the 

seerlings were selected by screening. 9eeds were grown on MS, 

B5 FP, DK and Ericksion salt medium and their growth, increase 

in size and callus induction capacity showed that 14P and MS media 

were the best for Pistachio tissue. MS media was still better 

than WP medium as callus produced on MS medium was found to be 

more nodular and compact. o, this medium was used in the rest 

of the 9tudies (Fig.I). Sucrose at the rate of 3 % hnd Agar 

at 0.7 % were also added to the medium. 

Improvement in the germination percentage and health of 

the seedlings, which emerged from seeds, grown on the media 

sunnle,nted with various concentrations of BA, NAA and or KIN 

is depicted in table 3.. A slight increase in the rate of 

germination from 40-42 % was noticed when the seeds were 

propagated in the medium containing 1.0 mq/l BA and 0.25 mg/l 

NAA. 47 % germination was observed in a medium containing 

1 mg/l KIN and 0.25 mg/l NAA, whereas a combination of 4 mg/l BA, 
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Fig. I. THE COMPARATIVE PERFORMANCE 
P. VERA TISSUE EXPLANT WHEN 
DIFFERENT SOLID BASAL MEDIA. 
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1 mg/i NAA and I mg/i KIN further enhanced the germination 

percentage upto 55 % and improved the health of seed. 

There was a marked increase in the Si7e of the leaves and 

diameter of main shoots of tha seedlings grown on medium 

containing hormones. In case of medium crntaining BA alone, 

BA + NAA or KIN + NAA single -hoots with 1.0, 1.5 and 7.Omm 

diameter respectively were produced. Multiple ;hoots with 

?O-30 mm length were induced in the presence of BA + NAA + KIN. 

The size of the .leaves was nnprnximati.y four times more than 

those grown on medium without hormonen (table 3). 

Fxplants of seedlings root, shoot and cotyledons cultured 

on media containing diff erent concentrations of BA -nd N4A 

fixhibited different morphological hehaviour (table 4). 

1 mg/1 each of NA4 + BA induced callus formation in explpnt. 

of cntyledons, formed adventitious roots (Fig.4) on medium 

containing 0.1 mg/i BA -4- 1 .5 mg/i NMA, while qlobular embryoid. 

were observed on the medium containing 2 mg/l BA and 0.1 mg/1 

NAA. 

2,4-D was supplied to the cotyleidon explants at a rate 

of ?,4,6,F3,i0 mg/.. 2mg/l of 2,4-D in the medium was found to 

lie the best for callus formation and 2,4-D 2 mg/l in 

comhnh n tion with KIN 2. mg/1 was foun-i bent, as cotylndnns 

prrLuced granular callus in this medium (table 6). 

Callus was observed to be more -.mhryogenic when NH4 Cl was 

also supplied in the mediur, (table 7), but no true embryoid 

formation has yet been observed in the medium containing NH4 C1. 



GENERAL. DICUSSION 

Pintacia vera L. is one of tho3e plants which are 

relatively new in plant tissue culture technology. So, to 

start with it wa-s necessary to e~t,3b..ish sterilization 

techninues and the best suited cul ture medium and culture 

conditions. To achieve this goal a number of preliminary 

experiments were conducted on the basis of which it was 

established that 0.1 % (w/v) mercuric chloride solution was 

the best for effective sterili7ation and it did not damage 

the seeds or the embryo. 10 minutes soaking of the seeds 

without seed coat was best to get the highest germination 

rate (47, %) whereas seeds with setd conts took 15 minute for 

disinfection and showed improvement in the rate of germination 

Seed coat also played an important role and experiments have 

shown that seeds without seed coat either died during 

sterili7ation or they absorbed more water which caused 

breakdown of the cotylerlonary stalks which proved harmful for 

the health of the emerging embryo. 

Among commonly employed salt mixture Woody Plant medium 

and Murashige and Skoog medium were better for callus formatior 

from stem, root, leaf nr cotyledons. The explant attained mucl 

larger .lize, approximately 3-4 times the original explant, wher 

woody plant medium wqs uqed but the amount of callus produced 

was less and callus was not granular; while explants on MS 

medium showed some increase in the sire but the oroduction of 

callus was more and it was white and nodular. 
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A combination of BA (2 mg/i) and NAA (0.1 mg/1) produced 

very good results. Here embryogenesis was noticed and in hand 

cut sections clear heart-shaped embryos were observed. BA 

4.0 mg/l 4 KIN 1.0 mg/l + NAA I mg/i was found best for growth 

of healthy seedlinls. 

9hortcoming,; 

Non-availability of chemicals and equinment was the 

major hinlerance in accelerating pace of work.
 



TAL-i-: -FFCT CF iERCUR!T CHLCRI)E TRET,'-1T ONEFFEL'TT- V.E ]ITFT " ".- E 

ie Qokn Q Germination O 

Nature of seeds cakina time 
(mi .) 0 

Contamination resocnse emarks 

3 	 100 + Germination was accompanied
 
Without 
 with fungal conta.mination. 
seed coat
 

10 10 	 +++ Contamination controlled. 

15 Seeds died
 

10 	 70 
 Germination restricted due
 
to funcal attack.
 

'With
 
seed coat 15 
 20 	 ++- Germination imoroved.
 

20 10 + 	 Germination delayed. Seeds 
die off 

+ Poor 
++ Fairly good
 

- Nil 



'F LA--: FF-rT CF I C[ A %T IG P.vera SFEDS4ITH/jITHCUT SED 
_
CCAT1,CN 3E Ii Ii 

~0
 
Parameters studied 3eeds with seed
9 	 coat 59eeds without seed coat
 

Germination oeriod 2-3 days 
 2-3 days
 

Seedling growth 	 Normal 
 Vigorous in early stages
 

Mechanical injury 
 No signs 	 Contact of seedlinq with one of
 
the cotyledons was broken.
 

Browning of tissue Coloring sunstances - Cotyledons also crow with 
were discharoed from seedling.
 
the seed coats which Vigrous increase n size of
 
do not inhibit normal 
 ns without seed cat

growt-h of seedling. 
 '
orotection causes 
numerous
 

minor injuries on their
 
adaxial sides.
 

- s a result oolvphenols were 
discharged which were 
injurious to seedling health. 



T'LE-:-FF CF..T- LAITORL9 ' 'G-IJITT r Tf 

rowth 

GRs 

ReCUlatrs 

eConcentrationV 

4 of
m/! 

GRs 0
4 

0 

Germingtion 

Shoot 

4 
4 Thickness4 
4 mm 0 

Number 

0 

0 
0 

0 

Leaf size 

Lx W 
mm 

BA 1.0 42 1.0 Single IOx7 

BA 

+ 

N'A 

1.0 
+ 

0.25 

4 1.5 Single 15x1 5 

KIN 
+ 
NAA 

1.0 
+ 

0.25 

47 2.0 Single 2 5 x1 5 

+A 4.0 55 3.0-3.5 NMultiole 4 0 x 3 0 

KIN 
+ 

NA 

1.0 
# 

1.0 



T-3LE-4. EFFECT CF VAR!Th5 VJ.*CE.,T:TTCNTT CF ,,n, CNCFAA 
'OPHELC-IC L 3PGE CF _.ver E]LI',G E'7(PLNT3 

BA + NA A Exnlant 0 Morohological resoonse 

1 mg/1 + 1mg/1 Cotyledon 

Cotyledonary 

root 

stalk 

Callogenesis 

Rhizogenesis 

Callogenesi s 

1 mg/i + 0.Imq/l Cotyledonary stalk Coilocenesis 

0.1 + 1.5 Cotyledon Rhizogenesis 

2.0 + 0.1 Cotyledon Callonenesis . embryoid 



TABLEr-3: EFFECT OF TEMPERATURE ON BREAKING DOWN OF 
DORMANCY AND GERINATION PERCENTAGE 

0 
Q Grouo of 

seeds 

I 

o 

Germinaticn , after c:iLling 

5 hrs . 12 hrs. 2A hrs.0 A8 

at 4or 

hrsO 60 
-

hrs.1 Remarks 

Stirilization 

and inocula-
tion before 

With seed 

coat 

30 35 50 70 70 Chilling treatment 

is necessary to 
break down the 

temperature
treatmenttatetseed Witboutcoat 10 28 30 30 30 

dormancy of the 
ses tmybseeds. It may be 
done before or 

after sterilization and inocul
tion.The treatment 
was found less 

Sterilization 
and inocula-

With 
ct 

seed 30 35 55 75 70 effective before 
hrs. interval 

ticn after coatistemne atureis hr .inteco,,,olete. r 
temnerature 
treatment Chilling after 

48 hours did 
Without 
seed coat 

10 20 20 35 35 not 
rate 

improve 
of qermi

nation. 5eeds 
without seed coat 

were less success
ful in germination 

9alt commosition - MS medium 

Sterilization aaent HqCl 0.1 % + 15 min. soaking. 

Incubation temperature = 5.2'C 



TABLE- , 	 EFFECT OF 2,4-D & DIFFERENT CYTCKININS ON
 
THE GROWTH OF TISSUE rFXPLrVNT IN VITRC
 

Grcwth regulators mg/i 
 Tissue resoonse
 

Auxins 	 Browning 0
 
Tissue 0 I Regen_- G 

2,A-J 11AA IB BAP KIN 12;P T Callus ertion r 

2.0 	 2.0 - ++ + Slow growth of 
callus. 

2.0 -- ++++ 	 Actively grow
ing callus
 

nodular white
 
is color.
 

2.0 	 - - - 2.0 

2.0 1 1 - Browning +++ Root 	 Roots grew on 

atm eared the cotyledons
 
in the
 
beginning
 
then
 
fiJiished
 

2.0 1 - - - 2 - ++ -	 Slow growth. 

S- - - - ++++ oot 	 Vigrous growth 
of roots from 
cotyledons 

Medium used Murashige and Skoog
 
Sucrose = 3 %
 
Agar = 0.7 %
 



T ABL 7 : EFFECT OF NITRCGE!' 9UPDLEM: :TAT ;I 
EN THE TISSUE RESPONSE in vitro 

Growth regulators mg/l Tissue resnonse 
RAP0 KINQ2 O 0 0 2,L-Do 1AA

O 0 
Q IEAQ NAA0 NHClO Callus Ocolour Ragen Q
0 Q mg/lb inocu-0 of 0 erationo General 
 remarkso 0 0 0 0 0 0 0 lationcalluso 0 

2.0  0.1 +++ White Embryo Embryo were deve

lomed unto tor_ 
pido ghane2.0 -  - - - - 1
 

- 2.0 -  2.0 - ... White
++ - Friable callus 

2.0  - - - I tOo 

- 2.0 - _ 2.0  - - 100 +.+ White 
 - Nodular comeact
 
- 2.0  - 0.2 - -.- . White 
 - Friable
 
- 2.0 
 - _ 0.2  - - 100 +++ White 
 - Nodular less in
 

quantity.
 

++ Very good
 



REJUVINATI nN OF MAIURE P.Varn BY 

MICROGRAFTING TECHNIgUE 

WORKING PLAN 

Seed Germination 
 Mature Plant Tip
\ I
 
Seedling 
 :hoot Proliferation
 

Root stock 
 Scion
 

Graft 

Shoot Proliferation 

Scion R ing 

Graft 

Shoot Proliferation
 

9c ion Rnoting 

Graft
 

Shoot Proliferation
 

5ti o n 
 Rootirx
 

Graft
 



Kernal of Pistacia vera provided by the Horticulture Department 

of Baluchistan Government or purchased from the local market were 

used during the studies. The mature tips were a) so sunn] ied by the 

Horticulture Department. 

The seeds were found to be heavily contaminated. These were 

decontaminated first by dinping in go % ethyl alcohol for I minute 

and then by soaking in solutions of mercuric chloride or calcium 

h ypoch] orite. 

Effect of Temnerature on Germinatior of Seeds 

fecontnminated see3ds were kept on wet cotton in a 4 irches 

petri plate at the rate of i0 seeds per o]ate and kepi: in the 

darP Ft.arihi int teinperaf;Lire. The noeds failed to germinate 

under these conditions. On graduJlly lowering the temnerature 

from 35 
0 

C to 15 
0

C it was found that the rate of germination improved 

with q decrease in temorE-rat-Aire. It was 15 % at 25 C, 60 % at 20 0C 
0 

and Bo % at 15 C(table 8). 

Effect of Growth Promotors and Nutrients on Growth of the Seedling 

Germinated seeds were propagated on M9 and P nutrient media 

with or wi thout growth regul -tors . Effect of these changes on 

length of the stem and root and number and are;i of leaves was 

studied. It ,as noticed that the germination of the geeds was not 
affecP tl by qrowth regulators and nu trients pro ied in the merdium 

But once germination was initiated furthqr qrowht of the seedling 

was greatly affected by the media composition. Germination of seeds 

wa. noticed after 4 nays of incubation and all the seeds germinated 



TABLE-0 EFFECT OF TEMPERATURE ON SEED 
GERMINATION 

Temperature 
0 Batch 
0 No. 

9 Number of 
seeeds 

9 
9 Germination 

9 
9 

Percentage of 
germination 

35 C 1 5 0 

2 5 0 

3 5 0 0 

4 5 n 
5 5 0 

300C 1 10 1 

2 10 2 

3 10 0 10 

4 10 1 
0 

25 C 1 10 2 

2 10 1 

3 10 1 15 

4 10 2 

20oC 1 10 7 

2 10 6 

3 10 5 60 

4 10 6 

15 0 C 1 10 8 

2 10 8 

3 10 7 80 

4 10 9 

5 10 9 
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within 7 days. The rate of growth in cnne of the seeds kept in 

the dark even after germination, was slower than those which 
were 

transferred to light. [he food reserve in the cotyledon invariably 

exhausted after 3 weeks, and the seedlinqa started dying if not 

transferred to fresh nutrient medium. 

Tb)e 9 shows a study conducted on seedlings with or without 

cotyledons cultured on media without nutrients, with nutrients 

-il one or nutrients supolemented with growth regul ato- The changes 

in lenth of rnot, shon t ond numher a nd Firea (.length x width) of 

young leaves till the .eedlings showed signs of deterioration/ 

necrosis were noted. Growth of seedlings with cotyledons on sterile 

moist cotton was minimum. Lengths of stem and root 1.5 cm andwere 

3.5 cm respectively at the end of the third week. At the same time 

an averaqe of five lea /es (2-5 mmL x 2.5mmW) per seedlinqs were 

present. In the fourth week shoot tip necrosis appeared. 

.eedlings without cotyledons grown rn hormone free nutrient 

medium showed some improvement in the .lenrgth of stem and root 

which was 2.5 cm and 5 cm respectively while average leaf number 

was A per seedling with length and width of lamina 1.0 and 0.7 cm 

respect ively. Growth of cotyledon free seedlinqs again showed 

some sign.,3 of improvement on hormone supplemented nutrient medium. 

Average Thoot and root length,:, after three weeks, were 4 and 3 cm 

respectively. But average leaf count war, lesser i.e. 5 leaves 

(2.5 	 cmL x 1.7cmW) as compared to 8 in case of cotyledon less 

seedlings 	grown on nutrient medium only. 

Batch of seedlings with complete parts grown on simple nutient 



TABLE- C EFFECT CF NUTRIENTS AND GROWTH REGULATOR 
ON SEEDLING GROWTH 

0 4 

4 
4
A 

Wet cotton only 

With cotyledon 

0 0 
1st o 2nd 3rd o 4thweek4 week week week 

Nutrients without growth regulator 

4 Without cotyledon 4 With cotyledon
4 4 4 4940 0 0 

I 1st 1 2nd 3rd 4th IT 1st 2nd 3rd 4th4 week4 week week week week week week4 4 4 4k4 

Nutrients with growth regulator 

4 Without cotyledon 4 With cotyledon 

o 

4 1st 4 2nd 3rd 4th 1st 2nd Y 3rdweekw week week wee wew4week 4 

4thhweekweekwe 

Length
of 

Sstem 

1-2 
mmmmcm 

1cm 1.5 1-2 
mmmcmc 

1cm 1.5 
cm 

2.5 
cm 

1-? 
mm 

1.5 
cm 

4cm 2-3 
mm 

1.5 
cm 

4cm 'c 
c, 

23 
mm 

1.5 
Cn 

5cm 

Length 
of 
root 

2-3 
mm 

2cm 3.5 
cm 

c 
. 

-o 
2-3 
mm 

3cm 4cm 5cm 
it, 

.. 4 

Um 

2-3 

mm 

4cm 6cm M 2-3 

mm 

2cm 3cm -, 

$

2-3 

mm 

2cm 3cm 4 

Nuertleaves 

I'4aof 

-3 -5 

ye-

c C 3- 53- lcm 

u"M . 

,4 C 
-4r 

37 15mO 

t.
0 IM 

5M 

0 

2.3 5 

M-m 

0 

C 

3 

3. 

5 

25 

o 

Length 
ofmm 

leaves 

0 2-3 2-5 
mm 

C 3-7 
mm 

3-.7 
mm 

1cm a) 0 3-7 
mm 

1.Scm C 1.5 
cm 

2.5 
cm 

0 1.5 
cm 

2.5 
cm 
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medium arid hormone supplemented nutrient medium showed marked 

difference in length of roots nnd number and ripe of leaves. On
 

nimple nutrient medium stem and root length rern 4 cm and 6 cm,
 

.,verage leaf count was 8 with lamina size 1.5 cmL x 0.( cmW.
 

9hoot and rooF. length on hormone -unplefnented mqd ii wevi 5 cm and 

3 rm 	 re-,pectively but number of leaves per plnnt was 5. Tho 

le:iveq were more extended (2.5 cmL x I.R cm W). In first three 

conditinns, fourth week was disastrous for almost ill the seedling 

ha tches with/without cotyledons, grnwn on inert nr enriched medie. 

On wet cotton the seodlings started drying while on nutrient medium 

shoot tip necrosis appeared irrespective of the condition for 

cotyledons intact or removed. Shoot tip necrosii apneared during 

third week of culture in cotyl'3donless seedlings growing on hormone 

supplemented nutrientF medium. 

'inot Proliferation 

Shoot proliferation was the major ohject of the study. Proli

feration wis attempted in case nf both juvenile and mature shoots. 

Partiln] success was achived in cas.e of juvenile shoots. Plant 

rerjuatorn activated the buds in the axil of the leaves. A 

combinatinn of BA (4 mg/i) and NA/- (0.25 mg/i) activated the buds 

which re'-ul ted in 6-8 new stuims from a single stem. 

The work is in progress. 

P roblem Faced During Work 

1. 	 Necrnsis which generally appeared in the second last intermode 

made it difficult to maintain the explant stock. As a result 
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of ncrosis the healthy tips died and the axial buds became 

active. Necroqis again appeared when the plant attained the 

same height. This process was repeated till the death of the 

plant. 

fBrowning problem was encountered when the seeds were decon

taminated with calcium hypochlorite solution and not with 

mercuric chloride solution. However, the mature explant in 

both the exneriments was killed due to browning. Subculturing 

wae found to be partially effective. 



32
 

REGENERATION THROUGII CELL CUI TURE
 

Plan of Work 

5tage I Induction of callogenesis 

5 tagr 2 Initi 3tiol of .ugpen-nion culture 

5rage 3 Induction of 
organogene3 ig 

embryogenesi- and 

Transfer to Green Houses 
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ABBREVIATI ONS 

2,4-D 2,4-Di chloruphenoxy acetic acid 

Kin. Kinetin (6-furfury. aminopurine) 

IAA. Indole acetic acid 

NAA. Nnphtalnre acetic acid 

IB4. Indole butyric acid 

BAP (BA)A Bnzy.l nmino purirne 

2iP. 2-Isopentenyl arenine 

GA . Gibberellic acid 

Ms Muraghiqe A 9koog mrdium 

WPM Woody plant medium 

GR Growth regulators 
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The main aims and objectives of the work of stage I were: 

1) To induce callogenessi in different explants. 

2) To induce friability in calli obtained. 

3) To select combinations of growth regulators 

which would give good nuantity calli. 

4) To minimi7e browning.
 

5) To find out the number of subculturing that a 'callus
 

would sustain. 

6) To study the degree of sterilization nchigved with 

different concentrations of HqCI 2 ,Ca(OCI )2 NaOCI,, and 

7) To study the effect of concentration of inorganic 

ions. 

The main emphasis had been to obtain cal]i that were good 

in nuantity and colnur by using different concentrations of growth 

requlators. The combinations used for this purnose are: 

a) salt mixture + auxin only
 

b) salt mixture + auxin + cytokinin
 

c) salt mixture + cytnkinin only 

Table 1 encompasses results of the exneriments that were 

conducted to obtain good nuantity calli with good friabil ity. 

The remults of the ,studien, with media containing fuill 

strength M'5 Talt mixture plus 3.0 per cent sucrose + r.7 % agar, 

half strength M9 salt mixture plus other ingrerlients or full 

s trength MS salt mixture p]us 1 .0 per cent sucrose plus 0.7 per 

cent agar,aftnr supplementation with different concentrations of 
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hormones are denicted in tnbles 10-12.It iq evident that nuantity 

and friability of calli varied when full strength MS sal t mixture 

was sLIpplemerted with various concentration of hormones. The 

best (hiohl y friable and in good quanti l.y cal.] i ) rnesul ts were 

obtained whe 5 mg/1 NAA or 2 mg/I eith of 2,4-0 plus KIN or 

fi.5 2,4-) + 2.0 IAA + n.5 KIN (irig/i) were added to full 3trength 

M5 nn;l t;mi xture ( tab] e 10) 

Rerluction in the 3trength of M93 nalt mixture to hal f also
 

give higlIy fr iable and in good quantity c-.1 1i when the me it,m
 

contained 2 mg9/ each of 
2,4-1) and KIN (table 11). Reduction in
 

the aimount of sugar from 3 per cent to 1.0 per cent ariversel y
 

affected both uantity as well a- friahil it y of calli (tab.le 12).
 

Replacement of MS salt mixture by full strength WPri resulted 

in the formation of friable cilli in fair quantity only. Reduction 

in the strength to hailf resulted in/decrease in the quantity of 

the calli as wel.l as their quality (table 14). 

It is evident that rate of initiation of senescence due to 

browning of callus was different for different hatche.s containing 

different concentration and combinations of growth regulators arid 

salt mixtures. Histograms (A-C) show the time taken by different 

calli to become "brown". MS medi um in full strength and half 

strength was emnloyed in all the batches shown in histogram A and 

!1, whereas wnody plant meed.ium (full strength) was employed in the 

batches in histoqram C. 

Callus initiation was successfully obtained from cotyledon, 

mesocarp, embryonic axis, soed coat arid shoot. 5ome of the 

http:10-12.It


concentratiorh and comhinations of growth regul atorg which irri uced 

calli in different explants given in tableare 15. 

Initiation of ce].] uspension culture hns only recently been 

undertaken. Some of the work done ha. been tabu.latecd in table 16. 

GENERAL ICLJ9SION 

The work that has so far hee'i accomplished main]y centered 

around the study of chemical manipulations for the appronriate 

selection of growth regulators in nroror concentration and 

comhinations. Studifs also involved the selection of salt 

mixtures and the impact produced by varying their strengths. 

Following narameters were ottjrlierl. 

1) Production of Good Quantity Cal].i 

The main purpos-e of the study was to obtain good quantity 

caJIi. Thi-s was accomplished by trying different concentration 

and combinations of growth requ] ators with full strength 

rluraqhige arid 9kcog (M7)) medium (table 10) and by repeating 

reuLtn mentioned in table 10 with half strength MS medium 

(table 2),with full strength Woody Planit Medium (table 13) 

and with ha rstrenqt, tIM (table 14). 

Tablot clearlv shows that maximum nuantity (++ +) of cal.i 

wlaq pro-lucnd in ba tche.s No.56, 17 and r) (tahI 10). The- nuantity 

of ca.li in bartches No.30, 33,70,nO,n7, 77, 82,A9,7?,,r and 73 

was slightly lesser than batches No.9,17 an 56 (table in). The 

nuantity was still less in hatches No.19,69,5,53,15,2n,76 arid F14 



The concentration and combinations of growth requlators
 

which gave nptimal yield (tahle 
 1O)w re then tried with half
 

strength W'3 medium (table 
 11). It can be judged from the
 

results that the nuantity of callus produced in hatch No.8F6
 

an:] 113 (table 11) corresnonried 
 with the results of batches 

No.l ;jir 19 (table 10). The rwuantity of callus Formed in batches 

No.110 andl 127 (table 11)was more than batches No.31 and 16 

taIe 10). The quantity of cilli in hatches No.12[, 122, 123, 

12, and 117 (table 11) was lesser than that observed in case of 

ha-tches NoP.2, 82, 83, 07 and 23 (table 10). It is evident from 

l:abil 1 that the nuantity of call us forme-d ,ec renserl when half 

strenqt:h Mr mediim was emplolyed. 

The posit ive reLij Its of tattle F10 were then repen ted with 

full strength woody plant medium. Resultq included in table 13 

show that quanti ty of callus formed reinhned the same in batch 

No.96 and 913 which corr-snonrded to batches No.23 and 76 

rnsnctively (table 10). The nuantity of calitis formed in batches 

No.90, 91, r12 and 101 was lesser than that in batches No.9, 15, 

41 ;anrl 03 (tahle 10). -Therefore it can be safely concluded 

that the call us whennutantity of reduced woorly plant mediu

(WPN) was employed. 

The results of table 10 were then repeated on half strength 

woody plant MeriLIr. Table 14 shown that the riuantity of callus 

wa9 eSS in hatches No.103A, 10313, 103C, 109D, 103E nJ 103F 

as comTparerd tn batches No.9, 19, 76, 56, 7? and 2. respectively 

(table In). Reduction in the amount of SUcrose from 3 to 1 % 
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resulted in a decrease in the production of callus (table 12). 

These results indicated that full strength MS medium was 

most suited for obtaining optimum quant.ity of callus. 

2) Friability 

Calli formation in different ba tches as shown in tables 10-14 

indicated that the growth regulators and salt mixtures produced 

profound effect upon the friability of the ca ili formed. 

When MS medium in full strength was employed, the maximum 

(+44-+) friability was proLiced in batches No.9, 17 and 56 

(tahl ' 10). Very good (+++) qua] ity cn]]1i. were nhtninerd in 

hatches 30, 33, 53, 19, 72, 74, RO and n3 (table 10)anA (++) 

nlaity cnlli were ohtainerl in batch Nn.15, 32, 62, 70, 9, 23, 

73, 77, B4 and 117 (tabl! 10). 

"The renij ts of table 10 were repe3ted with half strength MS 

medium,keeping all the other conditions constant (table 11). 

Friability of the calii formed in batches No.06 aind 113 (table 11) 

wjs comparable with batches No.9 and 19 (table 10). There was a 

definiLe increase in friability in batches No.117, 11q, 120, 122, 

123, 124 annd 127 (table 11). These re7it ts indicated that 

fri ability increased when the strength of M5 ,n!lEfiuo was reduced 

to half but rduction in the concentration of sucrose had 

;Jdverse effect (table 12). 

The experiments with Fu].i strength woody plant medium (WPM) 

(table 13)31,nwed that the friability in batch No.911 was better 

than ba tclh No.76 (taihe 10). The friahility in botchev No.93 

and 101 vwas comparable with hatches No.33 and f3 (table 10) which 

deteriorated in batches No.90, 91 and q(6 (tnhie 13). It anpears 



39
 

from the retjlts of table 13 that the friabil ity was not improved 

when liPM ( fill strength) was nmp]oyed. 

A similar trend was noticed ohen hill f strength woody plant 

medium was employed (table 14). 

3) 	 Sources of ca]l.i 

Call us formation was successful y achieved through
 

cotyledon, mesocarp, embryonic 
 axis, 	 seed coat and shoot, tissues. 

-orue of the significant results are recorded in table 15. Best
 

cF1lli were generally achieved 
 through cotyleron. The most
 

interesting observation wag the 
 inducl;tion of c.illogenesis through 

menocarp tissue. 

4) 	 Browning of callus
 

Thnescence due to browning had 
 been a maj or problem for 

the rdedi ferentiated cells. Time period, from in.itiation to
 

comojptn browning, varied with 
 different, concentrntion and 

cornbin;ikions of growth regulators. 

Fig.1 clear]y shnws that the maximum period for the 

hrowninrj to overcome the Ca]] us was oibserved in batches containing 

only NAA. It took 13 weeks in case of baitch No.56 (NAM 5 ,ng/l). 

and 1? weeks for batch No.5.(NAA 2 mg/i). The time period for 

browning to overcome thii callus was .]'io del nyed when 2,4-D +-

Kinetic or 2,4-D + Kinetin + NAA/IAA were employed. It took 10 

weeks for batch No.19 (2,4-D(3ng/1) + Kinetin (2mg/i); 9 weeks 

for batch No.72 (2,4-I)(3mg/l) 4- NAA (3mg/i) + Ki.netin(3mg/l) 

and S weeks for batch No.17 (2,4-1(0.5 mg/i) + Kinetin (f.5mg/1)+ 

1AA (2mg/l). Although it took 10 weeks in batch No.19, it tock 
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only 5 weeks in batch No.9 (2,4-D (2ing/i) + Kinetin (2 mg/1)
 

where 2,4-D was reduced to 2 mg/i. It took 5 weeks for batch
 

No.23 (2,4-D (f.2mg/l) + IBA 
(5mg/i) + BAP (Smg/i) + GA3 (0.5mg/l)
 

and 4 weeks for batch No.33 (2,4-0 (4mr1/1).
 

When MS x I medium was employed (Fig.?) the "browning"
 

time was not affected. It 
was 5 weeks in hatch No.86 and 4 weeks
 

epch in batch No.119, 120 and 122 (see corresponding batches No.9, 

33, 30, 74 respectively of Fig.1). Tne use of WPM in full strength 

also did not produce any significant variation in the "browning" 

time (Fig.3). The variation usually ranged between + I week, 

when "available" results of MS x I (Fir1.1) were compared with 

WPM x I (Fig.3). Brownino overcame in 6.5 weeks in batch No.99 

(2,4-D(4 mg/i) + NAA (2 mg/i) + Kinetin (2mg/1) and 101 

(2,4-) (3md/i) + IAA (3mg/i) + Kinetin (3mg/i) + GA 3 (0.5 mg/i). 

It took 6 weeks in batch No.93 (2,4- (4 rmg/I). 

It is very difficult to cros'-compare the resulte of
 

Figures 1, 2 and 3 as the results of corresponding hatches are 

not available. More work is beinq done to tl i- end. 

By comparing the resuLt3 
given in taleq 10 - 14 m d 

Figures 1,2 and 3 we can select the following batches for taking 

the work into stage No.2.
 

1 
 Batch No.9
 

2 
 " 19
 
3 " 56
 
4 " 
 53
 
5 ' 30 
6 " 33
 
7 17
 
8 23
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9 Batch No. 72
 
10 if 73
 
11 " 80
 
12 " 83
 
13 " 87
 
14 " 
 P6
 
15 " 82
 
16 " 127
 
17 t 90
 
10 t 93
 
19 o 101
 
20 i 1030
 

Work on stage No.2 of the plan of work has been initiated. 

itche with inoculurn densi ty varying from lxi 0 ce-lls/ml 

atch No.757) to 4xi04 ce.l]'/ml (btch No.750 and 796) have 

!en 901t up. Cel] density has definately increased in hatches 

).757, 70 and Z56. 



ACHIEVEMENTS (1987-08)
 

1) 	 Work on stage I has almost b-!,n completed. 

2) 	 A number of suitable combinaLions of growth renulators 

have been formulated which provide qood ruality calli in 

ren-,nnab.le quantity. 

3) 	 It has heen established that with proper concentration
 

and combinations of growth regulaitors and with serial
 

suhculturing of the explant, the "browning" problem can
 

be minimized if not completely eradicated. 

4) Physical conditions for proper experimentation have been 

etablished. 

5) Surface sterilizaf;ion procedures have been estahlihed. 

6) Calli h~ive been obtained through mesocarp Lissue. 

7) Work on stage No.2 regarding the initiation of suspension 

culture, has beOn initiated and atleast 3 batches are 

getting along very well. There isq a definite increase 

in cell density. 

CON5TRA INT5 

So far, the major constraint hag been the delay in the 

arriv.l of laboratory instruments. This has directly result ed 

in the loss of labour and time (e.g. results of many hatches 

ara not invailable bectluse they were destroyed by contamination). 

This 	 single factor is also responsible for slight Jagging in 

achieving the goals set for the 1st year. 

http:ren-,nnab.le


TABLE-I0 EFFECTS OF GROWTH REGULATORS ON THE QUANTITY AND
 
QUALITY OF Calli FORMED USING FULL STRENGTH MS
 
MEDIUM
 

Plant Growth Regulators (Mg/i) 
 Callus
 

Hatchl 0 0 teNo. 0 2,4-D IAA NAA KIN AP 2iP GA3 GR if O uantity
 
I0 0 any I
 

1 2 34 506071810 1
 
15 1 
 ++ Fairly friable
 
28 1;6 


++ Compact
 
29 2;4
 

-30 3.2 
 +++ Friable
 
31 4 
 + Compact
 

-32 3.2 


-33 4 

+++ Fairly fziable 

+++ Friable
 

35 4.8
 

36 5
 

37 6
 

38 7
 

39 5.33
 

40 1
 

41 2
 

42 3
 
43 4 
 + 

50 0.5
 

51 0.6
 
52 
 + Fairly fr-iab-le 
53 2++ Friable
 



TABLE-1O (Continued)
 

1 2 0 3 0 A 1 5 0 6 07 0 809 0 10 0 11 0 12 
23 0,2 5 5 0.5 +++ Fairly friable 

24 3 3 

25 5 5 

26 A 2

27 5 1 
69 1 2 1 ++ Compact 
71 2 2 2 + Compact 

-72 3 3 3 +++ Friable 
73 1 1 1 +++ Fairly friable 

-74 2 2 2 ++ Friable 
76 4 2 2 ++ Compact 
77 4 4 4 0.5 +++ Fairly friable 

-'80 2 5 2 5 0.5 +++ Friable 
82 2 2 2 0.5 +++ Comoact 

. 83 3 3 3 0.5 +.+ Friable 
84 2 2 2 ++ Fairly friable 
85 1.5 1 1 2 
87 1 2 1 Casein hy- ++ Friable 

drolysete 

88 2 2 
1 % 
Yeast extr

69 -6
1Oxi0 M 5x1O 6M 

act 1% 

44 1 
45 2 
46 3 + CompaCt 
47 4 
A8 5 



TABLE-ID (Continued) 

,2 3 # 4 0 5 0 6 0 7 0 8 9 10 0 11 12 
54 

3 

55 4 
-56 

57 5 

5 ++++ Highly fri-able 

58 6 

59 1 
60 2 
61 
62 

63 

3 
A 

5 

+ Fairly friable 

In 
T 

6A 
70 

78 

-BM 
1-M 
10 

6 

+ 
++ 

2 

3 

3 

5 

O.5 

0.5 

+ Comp-act 

4 
5 

8 

4 
3 

2 

1 

1 

++ Fairly friable 

9 

16 

17 

19 
21 

2 

2 
0.5 

3 

2 

2 

2 

2 

2 

0.5 

2 

Adenine 

.. ++ 

++ 

++++ 

+++ 

_ 

Highly friable. 

Compact 

Hichly friable 

Friable 



TABLE-11:EFFECTS OF GROWTH REGULATFRS AND HALF STRENGTH
MS MEDIUM ON THE QUALITY AND QUANTITY OF Calli 
FORMED 

Batch 

No, 
o 

1 

H 

| 2,4-D 
9 2 

Plant Growth Regulators (Mg/i) 

9 0 0 0I NAA I 1AA 9 IBA 9 KIN BHAP 
09993 A 9 59 6 7 

2iP 

8 9 

GA 
3 

9 

00 

Other9 
0 GR if9 
9anly 9

o10 

Callus 

, 
Quantityo Friability 

11 9 12 

112 

86 

113 

2 

2 

3 

2 

2 

2 

.... 

++ 

Highly f.able 

Friable 

114 

115 5 

116 

117 

0,5 

0.2 

2 

5 

0.5 

5 0.5 ++ Friable 

118 

119 

2 

A 

2 2 

++ Friable 

120 

121 

122 

123 

124 

125 

3.2 

A 

2 

3 

1 

1 

2 

1 

2 

3 

2 

2 

2 

3 

1 

1 

0.5 

++ 

++ 

+ 

+ 

+ 

Friable 

Friable 

Fairly friable 

Fairly friable 

Fairly friable 



TABLE-12: 
EFFECTS OF GROWTH REGULATORS ON OUANTITY AND QUALITY

OF Calli FORMED WHEN 1% 
SUCROSE AND FULL STRENGTH MS
 
MEDIUM WAS EMPLOYED
 

0 Plant Growth Reulators (Mg/i) 
 Callus

Batch 0 0
 
No. 0 2,A-D IAA 0FGA00 9
NAA 9 IBA KIN B 9 2iP OthergBAP G 3 GR ifGQA ntitylFriability

1___ 
19 2 3 9 0 any 09A 5 0 6 0 7 0 9 0 100 11 0 12 

132
 

+ Fairly friable 

13A 2 
 2 
 + Compact 

135 4 
 2 
 + Compact 

136 
 5
 

137 
 1 
 1
 

138 
 2 2 

139 1 
 1 1
 

140 2 
 2 2
 



TABLE-13: EFFECTS OF GROWTH REGULATORS ON THE QUANTITY
AND QUALITY OF Calli FORMED USING WOODY 
PLANT MEDIUM IN FULL STRENGTH 

Batch 

No. 

S2. 

_ 

2,4-D 

' 

A 
No

NAA 

3 

Plant 

IAA 

A 

Growth 

IBA 
A 

b -

Regulators (Mg/1) 

'Other§
KIN 2iP BAP 

A9 

6 7 8 

A 
GA3 0 

CallusA 

GR if§ QuantityoFriability 
A 0 

1 i 12 

90 2 2 +++ Friable 

91 

92 

93 

1 

A 

2 

+ 

+ 

++ 

Conmoact 

Ccmoact 

Friable 

9A 3.2 

95 0.5 2 0.5 

96 

97 

98&99 

0.2 

2 

4 

2 

2 

5 

2 

2 

5 0.5 +++ 

++ 

Compact 

Friable 

100 

101 

102 

3 3 

lOxlO-6M 

3 

5xlO-16 M 

0.5 +++ Friable 



TABLE-14: EFFECTS OF GRuWrH REGULATORS ON THE QUANTITY AND 
QUALITY OF Calli FORMED USING :j STRENGTH WPM 

Batch 
Plant Growth Reiulators (Mg/i) CallusClu 

No. Oth GR F 
@ 2,4-D 
1 

0 NAA @ IAA IA 
2i0 

BAP lKinet 
3 0 

2iP 
-anA.ty 

GAQua- OZtatini6 
if a5n y t6 l it 

1 2 3 A 5 _6 7 - 8 0 9 1 10 9 11 _12 0 13 

103A 2 2 + Compact 

102 1~xOO-6 M 5x1O- 6M + Io-pact 

103B 3 2 ++ Comp act 

103C 4 2 2 + Compact 

103D 5 ++ Fairly friable 

103E 3 3 3 + Cojpact 

103F 0.2 5 5 0.5 ++ Fairly .friable 
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TA3LE- 15.INDUCTION OF CALLUS FROM EXPLANTS
 

atch 	Q Auxins 
No. (mg/i) 

i 


30 	 2,4-D(3.2) 


9 2,4-D(2) 


17 	 2,4-D(0.5) 

IAA(2) 

19 	 2,4-f(3) 


83 	 2,4-D(3) 

IAA (3)
 

56 	 NAA(5) 


72 	 2,4-D(3) 

NAA(3)
 

16 	 2,4-0(2) 


'3 	 2,4-D(.2) 

IBA(S) 


13 	 2,4-D(4) 


19 	 2,4-D(4) 


NAA( 2)
 

11 	 2,4-D(3) 

IAA(3) 


9 	 2,4-D(A) 

0 	 2,4-D(?) 

IBA-(5) 


6 	 2,A-D(2) 


3 	 2,1-D-(I) 

NAA-( 1) 


0 	 2,4-D(3.2) 


Cytokinin 
Q (mt/kin n 

3 


Kinetin(2) 


Kinetin 


Kinetin(2) 


Kinetin(3) 


Kinetin(3) 


Kinetin(2) 


BAP(5) + 

GA3 (0.5) 


Kinetin(2) 


Kinetin(3)+ 

GA3 (0.5)
 

BAP-(5) 

Kinetin(2) 


KinetiC(2) 


.inetin( I) 


Salt 

mixture 


4 


MS(full 

strength)
 

i 


o 


i 


i 


is 

" 

MS(half 


strength)
 

MS(full 

strength)
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TABLE- 5(Continued 

12 3 I 0 5 

119 2,4-D(4) WPM(full 

strength) 
leed coat 

15 

73 

2,4-D(1) 

2,4-D-(1)
NAA( 1 ) 

Kinetin(1) 

MS(full 
strength) 

Embryonic 
axis 

Embryonic
axis 

fl9 IAi\(iOxlO-M) BA(5x1C-6M Embryonic 

axis 

97 

IAA(2) 

2,4-D-(I) 
I AA-(2) 

WPM(fu1l 

strength) 

MS(full 
strength) 

Embryonic 

axis 

Embryonic 
axis 

12 NAA(I) BAP(1) " Shoot 

137 NAA(1) BAP(1) Shoot 

147 2,4-1)(3) Kinetin(?) Mesoca r 

148 2,4-D(4) 
NAA(2) 

Kinein(.) Mesocarp 
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TABLE-16. INITIATION OF SUSPENSION CULTURE
 

In"ch Inocul um 0 Inoculum I 

No. Q 
0 

obtained 
from 

0 

Auxin 
(mg/) I 

00 

Cytokin 
(mg/i) 

Qdensity 
0 in cell 

00 per ml 

0 

9 
Remarks 

151 151(9) 2,A-D(2) Kinetin(2) 2xi0 4 Btch destroyad 
due to contami
nation 

'92 17B 2,4-D-(0.5) 
IAA-(2) 

Kinetin(O.5) ixi 0A Batch getting 
along very 
well(resuits 
awaited 

'93 16A 2,4-D-(3) 
IAA-(3) 

Kinetin(3) 
also 
GA 3 (0.5) 

Results awaited 

94 

55 

159 

156 

2,4-D-(0.2) HAP (5) 
also 
GA3 -(0.5) 

2,A-D-(3) Kinetin(3) 

NAA-(3) 

Results awaited 

Destroyed by 

contamina tion 

96 157 4x10 4 Results awaited 

97 

38 

153 

166 

2,4-D-(1 ) 
NAA-( I) 
2,4-0(3) 

Kinetin(1 ) 

Kinetin(2) 

Ixi0A 

AAxlO 

Resujts awaitd 

Results awaited 
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ANATOMICAL STUDIES OF IN VITRO CUt TURED P. VERA EXPLANTS 

Hist{ 	logical examination of hormnne induced dedifferentiation
 

and redifferentiation of in vitro culjtujred P. 
 vera explants and
 

therir comnnari- nn with in vivo diffPrentfaten tiqreip helpq to
 

ccnc]lude specific mode of action of hormone
any related to ultra
 

-,trluctural/morphological changes.
 

Plan 	 of Work 

1. 	 Study of histological features of shoot and root 

tips of seedlings cultured on hormone free medi ium. 

2. 	 4n..l ysis of hormone induced anatomical changes in 

cali with/wi thout any morn hologicaI changes leading 

to organogenesis or er,,hrvoqennsis. 

3. 	 Comparison of calli propagated on different media. 

4. 	 Histological examination of competable and non

competable micrograft uninn sections. 

Histological changes in the 3ections of exolants, which 

inn] 	uded cotyl edons, eoi, meso and hynocotvles and tips of the 

roo t-, shoots and seedjlirg, grown on MS medium with or without 

sLnpplemenrtatioh with hormones were studied and record!d in the 

form 	 of rihintogranhs. 

Microtechnical procedures leading microscnnyto included 

fixation of explants in FAA (Formaline, Acetic acirl aid alcohol) 

mixture. The explants were dehydrated by passing through different 

concentrnitions of TBA (tertiary hutyl alcohol), absoltute alcohol 
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and water. Finally the sections were prepared by microtomy of the 

naraffin embedded explants. Free hand cutting and smear methrls 

were also ai] id for ca lli and globular emhrvids. 

felafield hematoxylin staining me-thod' was adopted to locate 

zones formed with aggregates of ce]is densely filled with 

ry top. as n. 9aFranin.-fast green qtaining procedure was suitnble 

for detection of induced tracheal element in the calli.
 

Some pholt;ograph:ic renul tq of iiffnrent hormonal coimhinatjons
 

on callogenesis of cotyledonary explants 
 of P. vera! are depicted
 

in photcqranhs. Full strength MS medium supplemented with the
 

Folowiriq conncentrat.ons of growth requa Lors wa3 emp] oyn d:
 

2,4,D 2.0 mq/l
 

Kinetin 2.0 ing/i
 

IBA 2.1 'Ig/i 

Yeast ext. 0.5 ' w/v 

Photograph Nos.22,224,4 and 50 show abnormal nwelling on the 

mesocot.le portion when cotylednns werei cultured on MS medium 

surpleented with hormones. 

On the neripheral part of the cortex reqlon and below the 

hypodermus darkly stained, compact gro,,p of cells were develoned, 

which were different in shane from the normal cortex cells. 

These were small rounded cel.3s, without intercellular space between, 

arnd were densel.y filled with cytopasm. This3 tyne of cell]s wnq 

also present wil.hin the combium cel.ls. Endorlermis and pericycle 

showed abnormal growth and xylem and phloem region were well 

differentiated. Outside the pith region larqe number of small 

http:mesocot.le
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ni'e, dark, tightly packed cel19 were nre'-ent. Pith cells were 

larger in sire than the surrounding cells.
 

Ccrlogeneqis from 
 cotyledons propagated on full strength
 

MS medium ccntaining 2,4,D, 
 0.2 mg/l, Kinetin 2.0 mg/i, 2iP 

2.0 mg/i, Sucrose 3.0 % is depicted in photograph Nos.I8(7fl
 

A4 (46',76 and (78). 
 Twn types nf cell s-nn, of irrerjular shape
 

and the other round, were piesent. Dark region of the
 

photographs indicated presence of dense cytoplasm the
in cell. 

Photograph Nos.?,72 (74),52 and '54', were from the cotyledonary 

callus grown on MS mditjm with NAA 1.0 mg/l, NII 4 Cl 100.0 mg/l, 

Sucrose, 3.0 % and RAP 2.0 mq. Two types of celia some round 

in shape and .imilar to cotyledonary cIl]s, others elongated were 

seen. These cells wore darkly stained and showed dense cytoplasmic 

contents. 

Photograph Nos.lfl and (84)gshowed cal]uq formation from 

cotyledon due to the influence of NAA 4.0 mg/i and sucrose 3.0 %. 

Callus cells were irrenular in shape. Some were qmall in 

size and others large at 25X magnification. These cells were well 

stained and were different from normal cotyledonary cells. 

Difference in shape and si7e demonstrated effect of NAA. Dark 

staining showed oresence of cytoplasm,
 

Photograph Nos. 30,32.04,38 
and 410 show callogenesis from 

cotyl edon and its morphogenic changes due to the effect of 

2,4-1) (4 mg/i). Two tyOes of cells wer. inpresent photograph 

No.30. Some were round in shape and darkly stained, others were 
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groups of conducting strands. There strands showed trachery 

elements formation in the callus. Photograph Nos.32,34 and 

3n showed rounded cells, whereas irregulars, rounded and elonqated 

cells arranged in two rows, were nresent in photograph No.40. 

This variety of ce11s 9howed inductinn of organoqenesis in the 

cal]us and riedifferentiation of cells. 

Photograph Nos.96 (50, 60.(62, 6P nd (7n) qhowed callonenesis 

on sunplementation with auxin and cytokinin,2,4-) 1 .0 ,ng/l, 

Kinetin 1.0 mg/i and NAA 1.0 mg/L. Elongated cells, irregular 

cells Fnd rounded cells are present in these photographs. The 

cells are tightly packed and no intercellular space ir; presont 

be tween them. All these cells were darkly staired, filled with 

cytoplasmic contents and small vacuo]e were preqent in these 

cel s. 

Root regeneration from cotyledon in the presence of kinetin 

(:'.0 m1/1) and 2,4-D (2.0 mg/1) is depicted in photograph 

Nos.26,6A 66)pwhich show well. differenrtinted reactions of trachery 

elements. Double walled xylein cells were alo clearly visible. 

Pericycle cells around the phloem tissues were well dirferentiated 

arid dqrkly 7,tajnerJ. Two types of phluem met; and proto-phl oem 

were clear. Pith cellq were large in 5i7e and darkly stained. 

Dark staining of pith cells, pericvcle and cambhium showed that 
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DISCUSSION
 

Root formation was invariably induced by 2,4-0 from cotyle

donary callus and meocotyledonary formation. Sections with 

2,4-0 and Xinetin showed well differientiated trachc y elements. 

Xylem elements were greater than phloem elements. Pericycle 

-Ind combium region showed abnormal growth. Increa.e in concen

tration of 2,4-D from 2-4.0 mg/i in thn medium resulted in
 

the formation of crnducting strands. These strands 
were similar 

to the wel I developed trachnry elementi of rin t and mesncotyle 

portion. Addition of hormones initiated cal.loqenegis due to 

which elnnganted and irreqular cells and rounrd cells were formed. 

These cells were tightly packed, without intercellular soaces and 

full of cytoplasmic contents. Concentration of NAA '1.n mg to 

4.0 mn/i) in the medium showed callogenesis from cotyledons 
in
 

which elongated or cylindrical cells and irregular cells were 

formed. They were darkly stained which showed presence of dense 

cytoplasm. These cells were entirely rdifferent from the simple 

cotylerionary cells. 
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PHOTOGRAPHIC ADDENDUM 

Photographs showing typical results of:

i) Growth of seedlings
 

ii) Reqeneration of roots from cotyledon
 

iii) Induction of callus from cotyledonary explant
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EFFECT OF ORGANIC AND INORGANIC NUTRIENTS
 
AND HORMONES ON GROWTH AND DEVELOPMENT nF
 

TISSUE EXPLANT FROM LOCAL PISTACHIO
 
CULTIVARS CULTURED INUJ
 

INTRQDUCT IOl
 

The world po)Ulation is exI)anding logrithmically. 

It is estimated that LL wiNfi be 6 billion by the turn 
of the century. This would mean expansion in demand for 

food which would necessitate affective utilization of the 

methods for increasing the production off food. The quantity 

of food can be increased by increasing the yield per 

hectare of the crops. This goal can be achieved by using 

better yielding seeds or by increasing inpit or by 

improvement in the cropping patterns. 

Agriculture sciences have been gradually developed 

to cope with such probiems, the traditional means are 

replaced by more sofisticated techniques which can be more 

promising and frui.tfuI. Planiit tissue cu1 tuz re technology 

is one such too] which can be used for studying the basic 

and appl ied problems of food pro(iduci ng crops. This 

technology holds oul; the promise of high yielding hybrids 

and disease resistant s trains which can result in the 

rapid Propagation of' plants. Thus it. will ensure an 

increase in the production of such commodi ties. 



The underlying principles involved in plant tissue
 

culture are very 
 simple. Firstly it is necessary to
 

isolate a plant part from its inter-organ, inter-tissue or
 

inter-cellular relationship 
with the intact plant.
 

Secondly it is important to provide that plant part with
 

an appropriate environment in which it can express 
 its
 

internsic or induced 
 poten tial. The culture environment
 

include the physical conditions (temperature, humidity,
 

light inten. ity and photopeiod etc.), and chemical
 

composition or 
the medium - which is a mixture of organic
 

and inorganic components taken in specific micro and
 

macro quantities. 

Physical conditions can only be effective if the composition 

of the culture medium is suitable for the plant part in culture.
 

The requirement of the plants varies not only from plant 
to
 

plant but even from one part 
to the other within the same plant. 

It means that the chemical comp)osi. tion of the culture medium 

is of pr imary importance. So it is concluded that success with 

the plant and organ cultures can he achieved by the use of 

suitable nutrient media by providing necessary chemicals in 

appropriate combinnations and Fo rms . A lot of work has been 

done to formulate variety of media suitable for different plants. 
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As reported in the literature the ingredients of the plant 

tissue culture media can 
be categorized as 
follows:

a) Inorganic Salt 
Mixture:
 

Efforts 
to optimize the needs of specific plants have 
resulted 
in several salt mijiSrtes. These mixtures contain 

varying quantities of macroutrients (N, Mg, P, K, Ca and 
CI) and certain micronutrienks including 
traces of Cu, 
Zn 
Mn, Fe, 13 and Mo. 'heso sal t.mixtures are named after 
the scientists name who have formulated that salt mixture 
such as MS medium by T. Murashige and F. Skoog (1962). 
White. medium by P.RH. White (1963) and ItRU Medium by 

J. Reynolds and T. Murashire (1979), etc. 

b) Organic Compounds:
 

The critical 
 category of organic compounds includes, 

carbohydrates, hormonal substances and vitamins. Benefits 
can often he obtained from supplements of amino acids 
and/or amides, certain purines and/or pyrimidines, hexitoles 
and organic acids. 2 - 3 V sucorse is the most extensively 
employed carbon source. Higher concentrations 5 - 12 % 
may also be advantageous for some species or for some 

plants (Iii ldbrandt and Riiker, 1953; NickelI and 

Maretzki, 1970). 
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Auxins and Cytokinins are the growth regulators. Auxins 

are the root promoting and the cytokinins are shoot promocing 

hormones. Different plant parts response to different 

combination and concentrations of these hormones have to be 

traced out for 01' ogene:a'regenration studie.s . They are 

effective in very low concentrations as according to luang and 

Murashige (1976) i.e. auxin concentration should not exceed the 

range of 0.1 - 10 mg/L whereas the concentration of cytokinins 

can range from 0.03 - 30 mg/L. The only vitamin which has 

shown consistent importance in p)lant tissue culture is 

thiamine-lCI (vitamiN B ) whereas nicotinic acid (niacin) and 

pycidoxin-IICl (vitamin - B6 ) may also be added. 

To fulfil, the requirements of any explant cultured in vitro, 

it is necessary to formulate a medium to provide it with best 

cultural conditions. Many plants have been regenerated through 

callus formation by tissue culture for example date palm, grapes, 

Potato etc. yet there is a large number of species which are left 

neglected, though they need tissue culture application due 

to certain problems they are facing. Pistachio nut is one of 

them. It i.s a woody plant therefodre its8 t issue cu lture is 

quite difficult. 

Tissue culture or aseptic culture of woody plants, although, 

introduced in the early thirties, is still considered to be a new 

field in several countri(es of the world including Pakistan. 
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One of the reasons is that, most or the research done was basic 

and results were confined to the four walls of the laboratories.
 

Further more a small 
 number of scientists were in this field. 

During the laSt three decades, there has been a growing
 

awareness about the 
 economic impact and application which plant
 

tissue culture techniques can have in many important 
 fields,
 

such as agriculture, horticulture, arboriculture 
 and ornamental.
 

The relem of tissue culture also covers the production of
 

medicinal and enzymatically important substances. In fact crop
 

improvement 
 is the most vital and rewarding area of research in
 

agriculture and horticulture especially.
 

Pakistan being an agricultural country needs improvement in
 

all these areas. So 
 it is the need of time to adapt tissue culture
 

technology to for plant species or
work the endangered facing 

certain problems related to genetics or means of propagation in our 

country. Pistachio nut is one of those species - a dicotyledonous 

dioceous plant (separate male and female plants) inhibitant of 

Baluchistan area. 

Pistachio nut is an important cash crop, arborists of 

Baluchistan are facing loss of time and labour due to slow rate 

of' propagation and lack of sex determination at early stages of 

plantation. As mentioned before it suffers from improper means 

of propagation, afiatoxin contamination inal-,ropriate male to female 

plant ratio& delayed expression of sex. lPistachio is either 
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propagated by seeds or by budding. But there are problems
 

related to the formation of satisfactory bud union. Seed
 

germination 
 is faced by two major draw backs; first is the 

male to female ratio and the second one is the genetic variations 

which is undesirable. Unfortunately the female to male ratio
 

in Pakistan has been observed to be 1 : 10 
 - 12. Sex of the
 

plant is determined on flowering 
 after 7 - 8 years of plantation,
 

w'hich is very uneconomical. 
 Pistachio nut trees are also prone 

to drought and fungal attacks. Drought could fatalbe and
 

pathogenic attack 
 could result in contamination of the nuts with 

aflatoxin. Due theseto problems it will be useful to undertake 

a study for designing a model for hastening the regenerative
 

pocess of Pistachio nut in Pakistan as 
well as in other
 

countries. Because of the 
 successFul application of the tissue
 

culture techniques for the 
woody dicotyledonous plants is 

reported to check the degenerative process. 

Tissue culture of trees has been reviewed several times 

recently (Bonga and D-urzan 1977; Sommer & Linda 1981). Since 

woody tree tissue culture is still mostIly at the experimental 

stage more research is required to adapt it large scale forto 

industrial use (Bonga & D-urzan 1982). The first report of 

organogenesis in tree tissue cul ture made bywas (autheret (1940). 

in vitro shoot regeneration or fruit hearing trees such as
 

uandong and bush
Plum (Santalum lenceoatuTm) have been reported 

by Barlas et al., (1980). It is reported in literature, 

/ii 



-7

(Rao & Bapat 1978) that the establishment of successful 

procedures for deriving a large number of plants through the
 

regeneration of shoot buds in culture of hypocotyl segments.
 

Santalarn album also showed a high potential for the regeneration
 

of multip.: e shoot buds on a basal medium sIpplomen ted with
 

benzyladenine BA, 1 mg/L (Bapat & Rao, 1979).
 

It is also reported that tissue culture technology has been
 

employed to major fruit and nut crops, which are 
 vegetatively
 

propaga table in vitro as listed below:
 

Aclinidia chenensis llarda (1975) 

Anaas comosus L. Merru. Pannetier & Lonand (1976) 

Carica papaya L Yie & Liaw (1977) 

Citrus sp. Chaturvedi & Mitra (1974)
 

Coffea arbi.ca L. Sonda hl & Sharp (1977)
 

Malus sylveslsis Mil1 Jones et al., (1977) 

Fragaria cheloensis Duchesne Boxius et al., (1977) 

Diospyros kaki I. . Yokoyama and Takeuchi (1976) 

Corylus atiel l mt I. flado.jevic et: al., (1975) 

Due to highly hoIo(zygous nature of pistachio troes and to the 

difficulties encountered with the rooting of shoot- cuttings, 

commerc ia 1 cil ti va rs are popI g I td by coil)a rat ivol y s low and 

expensive mthods of g0a Il,, or IIIdi ng soi n on L.o the seedling's 

root stock (,Joloy, 1969; Whitehouse, 1957, Optiz, 1.975, 1976, 

Maggs, 1982). As menti oned before drawback t:o this iethod is the 

I. 
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fai]Ul to the formation of satisfactory bud union. Thorefore 

the development of rapid means of clonal propagation of elite 

Pistachio varieties is of prime importance. It is reported 

that clonal propagation of Pistacia vera has been achieved through 

multiple shoot proliferation and there rooting. Al Barazi 

& Shwabe (1982) observed that Indol hutaric acid is suitable 

for the 'ooting of soft wood shoots of pistachio. Barghdhi & 

Alderson (1983V.985) both formulated nutrient media for clonal 

propagation of pistachio using explants of different age. In 

1983 they reported propagation through seedling material while 

in 1985 they formulated a medium for multiplication of shoots 

and their rooting from explant of 1 - 2 years old plant. 

As mentioned above multiplication of shoo. and their
 

rooting has been achieved but propagation through callus 

formation which can expedite the multiplication rate is still
 

not reported. Thus the aim of the present study is to develop 

a procedure and formulation of medium for in vitro growth and 

development of tissue from Pistachio through tissue culture. 

An experimental scheme proposed by Murashig o (1977) will be 

helpful t:o idenitify the parameters that require systematic 

evaluation to develop a tissue culture procedure for the 

propagation of Pistachio. 



AIMS AND OBJE _: 

1) 	 Main object of the study is to develop a procedure for 

the clonal propagation of healthy desired Pistachio 

cultivars. 

2) 	 It is aimed to apply tissue culture technology to 

achieve the object. For this purpose chemical 

formulation of culture media suitable for the growth 

and development of stevtp explant from local 

pistachio cultivars will be explored. 
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PLAN OF WORK: 

Studies will be carried out to formulate chemical 
compositions of macro nutrients, micro nutriants 

2 organic
 

supplements and 
 hormones for medium'a suitable for the growth
and maintenance of tissue explant from local pistachio cultivars. 
Best possible changes will be incorporated to improve the medium 
composlt- n. Plan of work will. be divided into stages'two 

5TAGE I: 

Effect of Physical and Chemical Factors on Callogenesis: 

Determination of chemical nutrients, 
andtheir composition 

concentrations suitable foi- ca]logenesis in pistachio explant. 

I .: In order to select disinfectant and to maintain conditions 

fo , seed s teri] i z. Ion di '1'( ren t s Lori Iizing agents will be 
tried. Calcium and sodium hypochloi-ite, hydrogen peroxide, 

silveir nitrate,'mnercuric chloride or certain antibiotics 

will be indi .idually employed. Determination of proper 
sterilizing agent, .its effect ve concentration and soaking 

time period leading to aseptic germiation of seeds will 

provide the subject material. 

I b: Determination of Callogenesis inducing factors: 

5teT,(_ explant material fr'om aseptically germinated 
seedlings will be cultured on medlia for the induction of 

callogenesis. D.iiferent co~icentrations and combinations of 



cytokinins and auxins will be tried to initiate callus
 

formation. Some of the complex natural supplements 

which are supposed to be helpful in callus initiation 

will also be tried. The chemicals are specified in 

materials and methods. 

STAGE 	I I:
 

Effect of Physical and Chemical Factors on Organogenesis: 

Trails will be mad for selection or chemical constituents 

and composition of nutrient media for induction of organogenesis. 

A general guidline prescribed by Murashige (1977) for manipulation 

of organ initiation will be helpful for organogenesis in 

pistachio. 

II a: 	 Determination of harmonal quantities and their combination 

as well as medium formulation for rhizogenesis will be 

tried. 

II b: 	 A parallel procedure will be zidapLed for shoot initiation. 

I c: 	 Portion., of callus will he sub jec ted to medium without 

hormones for embryo formation. 



MATERIALS AND METHOL
 

1. 	 Sterilization and Germination of Seeds: 

a) Seeds of local pistachio cultivars will be used as 

the source of sterile plant material. 

b) 	 Method of seed selection and sterilization described 

by Gamborg and Shyluk (1.981) will be followed. 

2. 	 Culture Technique:
 

Stationary culture technique will be applied
 

throughout the study, occassionally paper bridge 

technique will also be tried. 

3. 	 Ingredients of Media:
 

Medium ingredients will include:

a) Salt mixture - MS, S11, B,, RM etc. and their 

modi fications. 

b) 	 Organic Compounds: Carbohydrates, vitamins, am.*no

acids and harmonal, substances such as auxins and 

cytokinins. 

c) 	 Complex natural preparations such as coconut milk 

orange juice,tomato juice, etc. 
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4. 	 Preparation of semi-solid Culture Media:
 

a) 	 Tissue culture media will be prepared by the standard 

methods as formulated and discribed by various workers 

such as urashige & 9koog (1962); Gambarg" (1968); 

Schenk & liildbrandt (1972) and Reynolds & Murashige 

(1979).
 

b) General instructions provided by luang & Murashige 

(1976) for the preparation of major constituents 

including macro and micro nutrients organic and 

natural supplements oC plant tissue culture media 

will be followed. 

5. 	 Selection of Culture Media: 

Typically in attempting to establish a new species 

in vitro culture a screening system is used. Explants 

are tested on several media to find out 
the best media 

composition for the explant under observation. (Reinert 

& Bajaj, 1977). As stated before several media have been 

developed by various works to suit particular requirements 

of a culture tissue. Consequently, several standard 

media will have to be tried to find out the best suitable 

one. Many modifications in the concentrations and forms 

of chemical constituents of' the cultLure media will be 

tried 	to formulate the best chemical composition of 

media 	for pistachio explant in culture.
 



Facilities Elvailalle 

1. Strile incubation chamber 

2. pH meter 

3. Incubation rooms. 

4. Moisture determination balance
 

5. Shakers 

6. Spectrophoto meter 

7. Microtome
 

8. AutoclElVe 

9. Microscopes (disecting, research compound) 

All other equipments in the tissue culture laboratory in Food 

Technology and Fermentation Division, PCSIR Laboratories, Lahore 

and Department of Chemigtry, Punjab University will be available to 

use according to the requirement of the ),esearch work. 
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The global human population is continouisly expanding, 

and as a result concorn is nob, being expre;ssed in various 

quarters :ibout the finite number of people world agricul

ture can 3upport. 

plaits enjoy their unique position ns primary producers 

In all food chains, and as the only renewable energy source 

availabl, to animals. The trajpping of liqht 'nerqV from the 

sun and the production of organic molecules through photo 

synthesis, provides basis not allthe of only food on earth, 

but also all iife on earth. plants directly supply 90 % of 

human calorie and % of tlhe proteinintake 80 intake, tha 

remainder being derived fro orimal products although these 

animals have ultimately derived their nutrition from plants. 

The vast majority of this fond, 90 %, is prod-jced on land. 

Man has so Far used approximately three thousand plant 

species as food, and around 2(1 crop species furnish majority 

of the protein and calories requirriments tusL' days. 

Conventional types of plant breeding have had remark

able success this century In improving the yieldl and 

Quality tl'aitn of a wide range of plnnts. jAbout half of 

the increases in yields can be attributed to positive 

breeding and selection of lines that nre renistant to 
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pests and diseases and that are also tolerant to many 

stressful environmental conditions. The remEinder of 

these increases is attributed to general improvements
 

in agronomic practices and more wide spread use of 

sophisticated agro chemicals1 .
 

Although the use of fertilizers have increased the 

crop yield, and propagation rates have been enhanced,
 

this method still has some of the limitations of its 

own. The time taken to produce and test the plant 

varieties is an important limiting consideration and the 

germination through seeds is also prone 
to genetic
 

variations. 

With better understanding of the biochemistry and 

physiology of plants the scientists have now been able to 

skilfully manipulate the chemical requirements of plants 

in vitro. Wdhich has resulted in the emergence of cell 

suspension culture technique. 

Cell ciulture technique was first reported bV Muir 2 

who found that callus fragments when transferred to a 

liquid medium and agitated on a shaker, gave a cellular
 

suspension that could be propagated by sub-culture. 

Dioneering works in the field of cell suspension culture 

have been reported by scientists like Street 3 , Steward 

1 amport , Gamborg 65 
, Miller 7 etc. 

, eCt%, 
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cell culture technique has provided insights into
 

many areas including totipotency, differentiction, cell 

division, cell nutrition, metabolism, radio-biology, and
 

cell preservation. Production of haploid plants and the 

induction of somatic hybridization are the great 

benefits that have been derived out of the recent 

developments in cell culture technique. Similarly cell 

culture technique is proving to be an efficient method 

for the commercial production of natural products. 

Cell culture technique is now being extensively used 

for the enhanced propagation of many plant species. A 

large number of plants can be produced froi; a given amount 

of explant material within a short period r f time when 

adventitious shoots or embryos are induce( in cell 

suspension cultures. If a large proporticr of the cultured 

cell population is made up of totipotent i lls of cell 

clusters, extremely high number (105 - 10 ( ) of plants can 

be produced from a few 100 ml cultures withiin a single 

culture generation 

During incubation the amount of ccl material increnses; 

this increase occurs only for a limited t e and the culture 

reaches a point of maximum yield of cell 1!. ss. The cell 

culture is then subcultured, and then in : subsequent and 

OC C 
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similar incubation period it goes through a similar pattern 

of growth and yield a similar amount of cell material. Thus 

the culture can be continously propagated by successive 

batch cultures of appropriate duration and the number of 

stock cultures increased at regular intervals 

It has been demonstrated on both the laboratory and 

commercial scales that the mass propagation of ornamental
 

species such as lily and vegetables like celery and 

carrot is possible in liquid culture. 
Clonal propagation
 

capability has been demonstrated for some woody plants like
 

coconut, oil palm and date palm etc. 
Mass production of
 

elite adult trees is expected to produce dramatic improve

ments in forest productivity.
 

Agro chemistry has developed steadily over the years. 

As a result scientists have now been to have aable better 

understanding of the chemical requirement of plants in vivo 

and in vitro., There are 18 indispensable elements, which 

are required by the plant for its growth in vivo and 

in vitro. These include, carbon, oxygen, hydrogen, 

nitrogen, phosphorous, potassium, calcium, magnesium,
 

sulphur, boron, copper, iron, zinc, mangnese, molybedinum, 

cobalt, sodium and chlorine. These elements perform 
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important function in the plants. Some have import'nt 

role in osmoic phenomena, some are fundamental
 

constituents of metabolic produzts and others may 
act
 

catalytically in the regulation of varioun chemical
 

processes within the cell. 

Carbon, hydrogen and oxygen are nutritive elements. 

They form cellulose, lignin, reserve 
food and most of the
 

protoplasm of plants. 
Nitrogen is one of the constituent
 

of proteins, which form major part of protoplasma. It 

is received from the 
soil through nitrate, nitrite and
 

ammonium salts. Phosphorous is taken up by the plant a!
 

3- 2ions of p 4 
 , H2PO4 and HPO4 . It is an essentiai 

part of nucleo-proteins. It is also necessary for the
 

formation of nucleic acids and 
lecithin. It plays
 

important role in tranpormation of carbohydrates and
 

respiration. Potassium is believed to be related to thE 

formation of starch and sugar. It is essential for the
 

enzymatic hydrolysis of starch. Potassium helps iron 

in chlorophyll formation. Calcium enters into the
 

constitution of cell wall, especially middle 
lamella,
 

in the form of calcim pectate. It regulates the uptake 

of other ions from the soil. Ions of calcium antagonize 

the absorption of potassium ions by roots. Magnesium Is 
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a constituent of chlorophyll and is, therefore, indispensable
 

to green plants. It is necessary for the Formation of 

nucleo-proteins and it probably has a part in respiratory 

enzyme reactions. Sulphur is taken up by the plant in 

the form of SO4 and it enters into the chemical composition 

of proteins. 

The micronutrients required are Fe, Bo, Cu, Zn, Mn 

and Mo. Iron is necessary for chlorophyll formation as it 

may be acting as a catalyst. It is also concerned with 

respiration. The specific action of boron is not known, but
 

there is evidence that it is concerned with respiration. 

Boron promotes the absorption of calcium. Copper is 

concerned with respiration and influences the use of iron. 

Manganese 
is necessary for enzymes related to dehydration
 

and decarboxylation. Similarly molybdenum is essential
 

for nitrogen metabolism, nitrogen fixation, and 
fnr fho
 

production of ascorbic acid.
 

On the basis of these and other informationa, various 

research workers have formulated different mediums, with 

appropriate combinations of inorganic and organic compounds, 

for in vitro growth of cell cultures. These include 

Murashige and Skoog's medium 1 1 white's medium Gamborg's, , 

medium6 , Schenk and Hildebrandt's medium 0 , nderson's 

medium 12 , Reynold and Murashige's medium13 etc. 
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The composition of the culture medium is an important
 

fsctor in the successful establishmpnt of a cell culture. 

The nutritional requirements of plants varies nct only
 

from plant to plant, but 2ven from one part to the other, 

within the same plant, so the success with the cell culture 

can be achieved only by the use of suitable nutrient media 

and by providing necessary chemicals in appropriate 

combination and forms. The ingredients of vnrious plant 

culture medias may be conveniently categorised as follows:-

MACRO NUTRIENTS: 

Sulphates, chlorides, nitrites and phosphates of N, 

K, P, Ca, S and Mg in millimole quantities. 

MICRO NUTRIENTS:
 

Micro molar concentrations of micronutrientm are 

furnished by sulphates of Ni, Fe, Na, Mn, zn, Cu, Be and 

Ti, and chlorides of Ni, Co, Al and Fe, lodide of K mnd 

tartarate of Fe also provide the inicromolar concentration 

of K and Fe. 

CARBOHYDRuATE r3: 

Carbohydrates most commonly used are sucrose and 

D-glucose. Other carbohydrates that may be used include 

D-fructose, Lactose, Maltose, Galactose and Starch. 
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VITAMINS:
 

Thiamine-HC1 is the most commonly used vitamin. Other 

vitamins that have been reported to have been used are 

nicotinic acid (niacin), pvridoxine (vitmmin 86), P-amino

benzoic acid PABA; vitamin x), ascorbic acid (vitamin C) 

biotin (vitamin H), choline chloride, cvanocobalamin 

(vitamin E12), Folic acid (vitamin c ) , calcium pantothenate, 

and riboflavin (vitamin 82). 

AMINO ACIDS AND AMIDES: 

Most extensively used amino acid is glvcine (amino 

acetic acid). Casein hydrolysate and casamino acids are
 

also extensively used. Other amino acids 
9nd amides
 

commonly used are L-aspartic acid, L-asparigine, L-glutamic
 

acid, L-glutzynine, L-arginine and L-methionine.
 

COMPLEX NATURAL SUBSTANCE3: 

some of the commonly used complex natural substances Pre 

banana pulp, coconut endosperm, fish emulsiun, malt extrict, 

orange juice, protein hydrolysates, toinato juice, nnd VeFst 

extract. 

PLANT GROWTH REGULATORS: 

Auxins, cytokiniris, gibberellines and morphectins 

constitute the major groups of plant growth regulators. 
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Auxins play their role in root promotion. Commonly 

used auxins ere 2,4-dichloro phenoxyacetic acid (2,4-D), 

Indole -3-acetic acid (IAA), c_-nFipthalene acetic acid 

(NAA), Indole -3-butyric acid (IBA), 2,4,5-trichloro

phenoxy acetic acid 
(2,4,5-T), p-chloro-phenoxy acetic
 

acid (4-CPA), Indole -3-valaric acid (IVA) etc.
 
I 

Cytokinins find their role in shoot promotion nnd
 

commonly used cytokinins are benzyl adenine, diphenyl
 

urea, kinptin, zeatin, IPA, etc. 
Morphactins are used
 

as the stimulant for lateral bud growth. 
Similarly
 

gibberallinencs are used to 
promote flowering.
 

therefore, concludedIt may be that the cells 

originating from the plant kingdom may be grown in vitro 

in the mediums consisting of appropriate combinntion and 

concentrations of the organic and inorganic compounds 

mentioned above. 

r.n Important element in scientific progress is the 

development of techniques which ennblenew either more 

critical experiments to be undertaken or which render 

certain problems cceOssihle to expterimentpl study for 

the first time. Cell culture technique must therefore 

be evalunited in terths of the scientific progress it has m-de 

or will make possible in the future. Cell cjlture technique 
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which was initially employed for the propagation of 

herbacious plants has open many facets of cell-bio

chemistry, biochemical genetics and plant breeding 

from both fundamental and practical stand points.
 

Some of the herbacious plants that have been 

successfully propagatud by cell culture technique 

include: -

LVcopersicum esculentum Mover et a.1 

Cetheranthus roseus [Uailey et al?2 

Rice Zhou et el 

,-. 17
5 ugsr-i ane Komer et alvp 

Red clover Philips et al18 

Alfalfa Stuart et a12S
 

Solanum melongena Gleddie et al 0 

Solanum lycopersicoides Hmndley et a21 

In recent years, methods of cell culture that provide 

rapid vegetative propagation of herbacious plants have been 

applied successfully to woody species. Initially these
 

mrthods met with little success with 
trees, and upto five
 

years ago the majority of reports on such propagation in
 

vitro revealed only low or sporadic production of woody 

plants. There was a dire need for the developments, so 



that the cell culture technt.que may be effectively employed 

on woody plants, as they have to face more problems as
 

compared to the herbacious plants. They have a longer life
 

cycle, which means 
a longer regeneration time, and as a 

result mutation and adaptation rate is vry slow. Thus if 

a degenerative evolutionary trait becomes dominant, then 

it becomes very difficult to protect that plant specie 

against degeneration. Some other problems which are 

encountered by woody plants include very ]ate determination 

of sex, improper means of propagation, sterility etc. out 

the recent progress has beL'n Fxcellerit ,nd already the 

success of in vitro propagation with adult trees is bringing 

im:1ortnt practical benefits and 
so the future of propagatio 

in vitro as an invnluable aid to the croppinq of nppentrees 

to be assured.
 

ThE woody species that have been successfully propagati 

in recent years include.
 

Phellodendron amurensis ?2Ymrnada et al 

Pseudotsuga menziesii Kirby23
 

Citrus sp. Ben-Hayyim et a1.24 

Pinus contorta Webb 2 5
 

2 6 Muss "ABB" c/v Saba Cronaver et al.

and Pelipitm
 

'It 
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Pimpinella anisum L., Ernst et ,i27 

Populus tremuloides Noh, Eun Woon et_ 2 8
 

It will therefore be useful to undertake a study 

for designing m model for hastening the regenerative 

process of a woody plant such as Pistncia vera. 

Pistacin vera is an inhabitant of Baluchistan, and is 

an important cash crop. Cultivators are facing a loss 

of time and labour as pistachio plantation is suffering 

from a number of problems such as undesirable male to 

female ratio, very late determination of sex, inadequate 

nursery stock, nd the long time B-15 years often 

required for an orchad to come into commercial production. 

As the ,crk on the propagation pf Pistacia vera through 

tissue culture, is at present being undertaken in the 

tissue culture laboratory of P.C.S.I.R. Laboratories, nnd 

some studies on regeneration through callus cultures has 

been successful, thus the aim of the present study is to
 

deveiop a procedure and formulation of medium for in vitro
 

growth and development of Pistacia vera through cell
 

suspension cilture. 
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"AIRSf3 ANDJ.[BJECTIVES" 

1. Main object of the studV is to develop a prucedure 

for the clonal prupagation uf healthy desired 

Pistachio cultivars. 

2. It is aimud to applv cell culture technique to 

achieve this object. 
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PLAN OF WORK
 

5tudies will be carried out to formulate chemical 

compositions of macro nutrients, micro nutrients,
 

organic supplements -ind hormones for 
a medium suitable 

for the Lrowth and maintenance of ceils derived through 

callus as obtained from tissue explant from local
 

Pistachio cultivars. Uest possible changes 
 will be
 

incorporated 
 to improve thu medium composition. 

The plan of work is divided into three stages. 

STAGE NO. I
 

INDUCTION OF CALLOGENESIS
 

Explant material will be cultured on media for 
the
 

induction of callogenesis. Different salt mixtures and
 

concentration 
 and combinations of cytokinins and auxins 

will bu tried to initiate callus formation. Some of the 

complex natural supplements which are supposed to be 

helpful in callus initiation will also be tried. 

Since major work is related with cell culture -nd 

a highly friable callus is desired, so special studies 

will be undertaken for not only the initiation but also 
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for an induction of a high degree of friability in the 

callus. The callus obtained in this way may subsequently 

produce a hich degree of friability in the suspension. 

Guidance will be sought from the work done by 

6
Gamborg , Muroshige and Skoog 1 1 etc. 

STALE NO. II
 

"INITIATION OF SUSPENSION CULTURE" 

Trials will be made for the selection of chemical 

constituents and composition of nutrient media for
 

initiation of suspension culture. 

work of stage No. II will comprise of the
 

following studies.
 

!I (a) DETERMINATIN OF MEDIA
 

Different mrdium formulationg for an effective 

incri:ase of bioma.9s will be trid. Determination of 

quantitiLS of growth regulators anu their cumbintions 

will form a. integral pwrt of the stuy. 

http:bioma.9s
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II (b) DETERMINATION OF MEDIA CONDITIONS
 

Special considerations will be given to the studies 

leading ti appropriate selection of pH, light, humidity and 

temperature. As pH plays a very important role in 

suspension culture, so as to stabilize the pH different 

substances like EDTA, nitrogen, colcium dihydrogen 

orthophosphate, calcium phosphate Pnd calcium carbonate
 

will be tried'. 

II (c) INDUCTION OF FRIABILITY
 

As it is desired to have a suspension culture
 

consisting of high degree of friability, so certain 

factors like, wall degrading enzymes and increasing the 

auxin and dec'reasing the cytokinin concentrations will 

be tried. Guidance will be sought from the work of 

Reinert and White 2 9 , Koji Nomura and Atsushi Iomemine 3 0 

Venketes ,jaran 3 1 , Walter Tulecke etc. 

STAGE NO. III 

INDUCTION OF EMORYOGENESIS IND ORGANOGENESIS 

Once the biomass of required density has been 

obtained, steps would be taken to induce orqnnogenesis 

and embrVigenesis. The work of stag: lio. III will be 

divided as such. 
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III (R) INDUCTION OF RHIZWGENESIS
 

Determination of hormonal quantity and their
 

combination and medium formulatior' for the induction
 

of rhizogenesis. 

III (b) INDIJCTION OF CAULOGENESIS 

Determination of hor,ional quiintity and their 

combination and medium formulirtions for the induction 

of caulogenesis. 

III (c) INDUCTION OF EMBRYOGENESIS
 

Determination of hormonal quantity 
and their
 

combination and medium formulations for the induction
 

of embryogenesis. 

Work done by feinert 4 1 , Butenko 3 2 , Steward 

,and Mapes 3 3 , Fujimura, T. and A. Komamrine 34 Street 3 5 

Ludwig 36 etc. will provide the required guidence. 



MATERIALS AND METHODS
 

1. 	 s-eda of local pistachio cultivars will be used 

as the source of subject material. 

2. 	 CULTURE TECHNIQIUE
 

Stationary culture technique will be applied
 

throughout the study for obtaining callogenesis.
 

Filter 	paper bridge may also be applied. 

3. 	 INGREDIENTS OF MEDIA
 

As stated anzve several media have been develope 

by various workers to suit particular requirements of 

cultured tissue and cells. Consequently, several 

standard media will have to be tried to find out the 

best suitable one. Many modifications in the
 

concentration and forms of chemical constituents of 

culture media will be tried to formulate the best 

chemical composition of media for Pistachio explant 

in bcth tissue and cell culture. The ingredients 

of the medium will be as followingl

a) SALT MIXTURES 

Salt mixtures of MS, 05, SH, RM or WPM 

and their modifications. 
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b) 	 ORGANIC COMPOUNDS
 

Carbohydrates, vitamins, amino acids 

and hormonal substances such as auxins
 

and cytokinins.
 

c) 	 NATURAL PRODUCTS 

Complex natural preparations such as 

coconut milk, orange juice, tomato juice, 

malt extract or yeast extract will be 

used if any need arises to modify the 

medium composition.
 

4. 	 PREPARATION OF CULTURE MEDIA
 

a) 	 Tissue culture media will be prepared by 

the standard methods as formulated and 

described by Gamborg and shyluk 3 7 and, 
3 8 . 

Tasaki
 

b) Cell culture media will be prepared by
 

the standard methods as formulated and 

described by various workers such as 

,Gaeborg and 	 Tasaki ndSkyluk3 a3b 
39 

Huang 	 and ureahige39 
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5. QUANTITATIVE ESTIMATION 

(Juantitative estimation of cell suspension 

culture will be undertaken by any one of the 

following methods.
 

a) Determination of mitutic index.
 

b) Estimnition through cell counting.
 

All the equipments available in tissue culture 

laboratory ovrc here in PCSIR Laboratories and if 

required, the equipments in Punjab University will be 

utilized. 
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CLONAL PROPAGATION OF PISTACHIO THROUGH 

TISSUE CULTURE 

Pistachio nut is a deciduous diocious medium sized 

tree crop. It belongs to [amily Anacardaceac. Pi.stachio 

nut requires long warm days summers for good cultivatLion 

and enough co.ld wintr Len's br(eak their dor'mancy. The 

pistachio tolerateOs well drained s:i ine0so ils. Prolonged 

summer rains and hi gh himnidity at un* nea' harves;t time 

Lr'C deto11(21 La l to qtual, ity Iul. pr')duiction. I11nPakist.an 

its cultivation is rest ric ted( to cold dry regions or1 

13aluchistan 1.e . Quctta and Kal.lat, Skardu in Azad J"mmu 

and Kashmir and Dora Ismnai l. Khan in N.W.F.P. (lHaluch 1979). 

Pistachio is ropresenlted in the world by 10 species,
 

among thom 4 are p resent in Pakistan (NasLr 1983) 

1. PisLaci.a chin:menis
 

2, P. khii ni 1k
 

11.:I . :1( : I ic'a 

4. P4. vera 

the Iwl, one Ls odible. 

Traditi onalI y PiWtacia is pi'opagatcd both sexuall y 

by meanN or seed l1ing and asexually by buddILng or i l'[t ing 

(Khan 1981). Diu to eXtrenely he l.erogeneouis natlure o' 

Pistacia usuaL.1y asexualI prpagaLi ist orn'e lerred. The 

) ",
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later one is also adapted to maintain the good quality 

plants. So far establishment of new orciiun'd on inidustrial 

basis has failed to develop at national or international 

level (Optiz 1975). Optiz has described some of the 

problems. 

1. 	 Lack of suitable poll inators. 

2. 	 The long I:L[I.i. o tLen re(luired for an orchard 

to come into commercial production (8 to 15 

years). 

3. 	 Inadequate nur'sery stock. 

4. 	 Failure to develop uni form high producing 

orchards. 

5. 	 Errotic productirn - "alternate bearing" 

Tn Pakistan fo].lowilng short comings are 

encoun t rod:-

Mostly trees are derived from vJld stands, hnce 

1. 	 Fruit yield is low. 

2. 	 Kernel. size is snaller than desirable. 

3. Ol n nuLs are s(,edlw:. 

4. 	 r()lrance of trres to ';ui] and en vi ronmental 

st eS.ss res ist ance i s low, n. d i stas(s 

due to micr'obes, a v,'(ell as , pes t. 

5. 	 Ratio of male to female plants is 10 - 12 : 1 
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All the above cited problems can be solved with 

the help of tissue culture techni(quas. Tissue culture 

technology has been developed in many rields after 

nineteen [iftees. Now it is a powerful agricul.tural 

tool which enables the plants to combat against degenerative 

genetic and eco]ogical trends. 

The term tissue culture is a general term which 

an 

a group of eel]s, a singl.e eel], or even the protopi ast 

within a defined environment. According to "the cell 

theory" presented by Schwann (1839) individual cel. ls 

are capable of developing 

covers the cultivation of plant parts whether orvan,
 

of a mul.ticellular organism 


independently if provided with the proper ox tenal.
 

condit ions. Later on this lphenomenon was named Tot i

potency by Morgan (1901) where cells can form large
 

and uniform population of cells which can be converted
 

en msse to roots, shoots or embryo like structures.
 

in the other hand by imposing upon such celis the conditions
 

to which they are subjected within the mieristem of the
 

intact plants and thereby converting them to special ized
 

cells.
 

So far plant tissue culture has been proven to 

be a.strong biotecnical tool to improve means of 
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plant propagation, plant health and plant breeding up to
 

satisfaction.
 

Up till late seventies tissue culture practices
 

were mostly confined to herbaceous genera. The 

methodology developed for mass propagation of strawberry 

(Boxus et al 1977) provoked the idea of developing 

economically feasible commercial production of woody
 

plants. Woody genera are present in 
 all the four large
 

groups of plants ca tegorised on the basis of human 
 in tLest
 

and tissue culture practice.
 

1. Agriculture 

2. Ornamental 

3. Medicinal
 

4. Forest
 

Most of the applications of iissue culture propagation 

of woody plants in the past, decaue have been with horti

cultural crops. Initiation of large scale production of 

apple and peach (Abbott & Whitely 1976)root stocks in vitro 

was major tissue culture methods applied to woody horti

cultural crops. 

During the same period merisLtem tip culture techniques 

were developed for a number of woody Fruit bearing plants. 

(: ;
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Prunus (Boxus and Quoirin 1974)
 

Peach (Zuccherelli 1979; Zuccherelli et al 1978)
 

Cherry (Zimmerman 1980)
 

Plum (Jones & lopegood 1979)
 

Apple (Loreti & Morini 1982)
 

Red (Anderson 1980)
 
Respberry
 

Black (Broome A Zimmerman, 1978,
 
berry Harper 1978)
 

Walnut (Driver & Kuniyuki 1984)
 

In early eightees tissue cullure techniques have been 

introduced to Pistacia. Al-Barazi and Schwab6 (1982) did 

rooting of soft wood cuttings of adult Pistacia vera. A 

year later Barghchi and Alderson (1983) reported the 

in vitro propagation of P. vera from seedling tissues. 

Proln. era ted shoot cultuures established from shoot tips and 

Modal buds segments excised from aseptically germinated 

seedling were rooted in vitro. The rooted shoots were than 

transferred to soil for establishment. 

The same group of workers (Barghchi and Alderson 

(1985) achieved rooting of proliferatted shoot apices and 

nodal u).s orf P. v iera. L. and commercial cultivtrs o' 

Ohadi and Kal leghoch i adapting the simi. l.ar procedure as 

QP()oVtcd earul ier. 
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Al-Barazi and Schwabe (1985) investigated juvenility 

effect and genetic differences in relation to rooting by 

testing extractable substances obtained from P. vera. 

Inhibitory effect were not detected in extracts of 

difficult to root mature pistachio. However, a technique 

oF shoot/root rr,f.tinr resulted adventitious root formation
 

on cuttings of pistachio.
 

At present the aim of study is to save the endangered 

pistachli() plantatilon o ' Ihk.stan. Therofore, it is desired 

to select healthy cu~tivars of tacia.v:i itl s amid.l.cal 'P.- io 

util.ize thei r explant for clonal propagation through 

tissue culture. The rooting of pro]iferated shoot tips 

and nodal buds of seedling and 2 years old plants have been
 

achieved l On the other hand grafftage of shoot and root
 

has resulted only in the formation of adventitious roots.
 

But there are few draw backs in utilization of seedling and
 

young saripiing tissue explant.
 

1) There is least information about the )henotype 

expression o[ seed borne parent p].ant. 

2) I)is,ea.;e is tan v ri(-(ty 01' fl.hi.1h y.i 

plant: c~an Ii,)1; be pr(ituc(uod unLi1 1)amt; 

grown up and cultur indexing has been 

i in g 

it 

done previousl y. 



From stand point of tissue cul.ture of mature 

tree oxpl Int., Zimmerman (1!15 ") has po.inedo( ut
PULstleCin 

i .
l
- h

the dif ficulty in culture 0 tablis lmeo t of 1Pistac. In 

cvieCw ol "ie juvenatiol"
light or ranclet~LP( 190) of 

tissue methods of grarting scion from thc. 
woody plant 


stock seems
 
selected mature tree onto seedl.ng root 

the graft is successful and scion quite effective. Once 


of the new so1)10 is giValtCd on another
has growvn V10o l.il) 

repeate( until] the scion
seedling. The procedure is 

exhibits. juvenile characteristics and responds like a, 

juvenile plant when placed in pul. ture. 

'< I
 

http:seedl.ng
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PLAN OF WORK
 

Boxus ( 1974) forBasically the method proposed by 

)ropagation of st rawberry will be rol lowed except the 

techuique. For that t.he method discoveired by
rejuvination 

will be followed.Franclet (1980) 

five )hases.The plan o 1 work will be di vi Cd i 1to 

FIRST PHASE
 

of' explant and cii LurVe of selecLedSterilization 

plant tip imori.Stcni. 

SECO[H!D PHASE 

In vi t.ro mass propagation of sihoots. 

THIRD PHASE 

Graf'ting of propagules scions to seedling root 

sLtOck! and -(rjuV ilnlt [on tes I;. 

FOURTH PHASE 

lhooting of propagiiles. 

F 

PIHASEF1II1I 

Hardening of' the plantlet.,3. 



A. STERILIZATION OF EXPLANT AND CULTURE OF TIP MEMIISTEMS 

Apical or aux-i.laviy hbu: of' or thol: ropic and 

p1 j.geotroI~ic branches of iield grown selected 

Pistacia cultivar will 1e th ex)lant. 

'Fhe treatment with (,i f[erent concentrations of
 

disi nf tant- such ;t.s commeroial l)each sodium or
 

calchum hypochlorite, hydrogen per oxide, ;ilver 

nitrate, or mercuriic (:hl[ord will e) given f'or
 

explant teri].ization.
 

B. IN VITIO MASS PROPAGATION OF' "IOOTS 

Contuani.iattion I'ree explI nt will be transferred 

to the medlia contatii i i) one or more than one hormones 

suitable for shoot proli',oral ion. 1)iaI I[ .ic 

experiments (Anderon, 1980) wi 1.tbe fol-lowed while
 

trying 	hor1mnes in combination.
 

The onvi ronmental condiLions such as temperature, 

intensi .y of Light and photo periodl suitable for 

o0pt i umiiIr( ill I,( h rni lned.h w atLso doe 


C. GRAFTING AND REJUVINATION_TEST
 

i) 	 Scion from in vi.t o proI.i.[crated shoots will be
 

giaf't d on soecli.n g root stock. Gra ftage wi.1l
 

al.so be in vitro.
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ii) Successfully grafLed ;hoots wi1.l be again 

subjected to shoot proliferation. 

iii) The buds from (ii) will be transferred to root 

forming media containing auxin. Appearance 

of roots at the basal ends of proliferated 

shoots or buds con firms rejuvination, otherwise 

the process is recycled i.e. scions (i) 

are again grafted to fresh seedling root 

stocks, unless mature p1nnt t:is-sue 

rejuvinates. 

Rejuvination of mature plant tissue 

will be determined by the number of shoot 

graftage and proliferaLion cycles. 

D. ROOTING OF PROPAGULES 

End product of C will be subjected to media 

containing one or more auxin in comb:inntion for 

rooting. The parameters will be same as described 

in B. 

E. IIARDENING OF PLANTLETS 

Plantlets obtained from D will be provided with 

suitable environmental conditions such as lightt, 

temperature and humidity prior to transfer them in the 

field. 

..... i 



MATERIALS AND METHODS
 

MATERIAL:
 

Subject material will be seeds and buds of mature
 

Pistachio cultivars.
 

METHOD:
 

1. AS :,PTI C SELl) GERM INAT [ON 

NMethod 	 adapted by Barghchi and Alderson (1983) 

For asept ;icwil. 1be tri,'wI. Ally miocliI ic a t. iol sl.i table 


growth o1 haulthy aseptic" secdl ing wil.l also be made.
 

MULTI P], fCATION METIIOI ANI! MAINTENANCE O1;'
2. SHOOT 

-____STOCK EXPLANT 

Ba 'aghei and Alderson (1985)IBasi(;al.y metlhuds of 


will be-followed for mature plant shoot tips, nodal
 

.

buds or seed ling shoots If necessary modi f ications 

will also be,adapted in due course. 

3. GRAFTING TECIINIQUE 

Optiz (1975, 77) and Navarro,
The teclniq(ue of 

(1975) described ForHoistacher and Mur'ashig 


will be praeticec.
pistachio graftage 

2)h;
 
)T-;)
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4. ROOTING OF SHOOT TIPS 

For i-eJuvenated shoot tips method of Barglhci 

and Alderson (1983, 85) willl be followed. 
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