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FIRST ANNUAL REPORT OF THE PROJECT ¢ 936--5542
"REGENERATION 0OF PISTACHIA VERAM.

The project was initiated on the 1st Dctober, 19A7,
Recruitment of the workzrs was completed and the following

were appointed on the dates mentioned against their names:

1. Mr, Tarig Inbal Shah Research Geneticist 15,10,R7
M.Sc, (Botany)
2. Mr, Zaheer Ahmad, Research Chemist 15,10,.87
M,5c, (Chemistry)
3, Mr, Zamurd Hussain, Junior Experimental 15,10,.87
B.Sc, Officer
4, Migs Fehra Zafar Junior Experimental 1.11.87
M.5c, (Botany) Officer
5. Mr, Mujtaba Gilani, Laboratory Assistant 1.10.87
F.Sc,
6, Mr. Naveeu Haider Laboratory Attendant 15.10.87

The following joined frem the PCSIR Laboratories:

1. Dr, Nasreen Zaidi Co-Principal
(Botany) Investigator
2., Mrs, Shaista Jabeen Junior Scientific

M.Sc,(Chemiatry) Officer

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

Services of M/s, Tarin Inbal Shah and 7amurd Hussain were
texminated after 7 and 3 months respectively due to their
unsatisfactory performance, Mr, Mujtaba Gilani resigned due
to his family circumstances an:d Miss S, Ayesha Hassan replaced

him,


http:15,10.87
http:15.10.B7
http:15.10.87
http:15.10.R7

The following colleagues have submitted their synopsis
for registration for Ph,D, studies:.
Mr, Zaheer Ahmad Copies of the synopsis

1. )
2. Mr, Athar Hussain ) are attached
3. Mrs, Shaista Jabeen)

Laboratory facilities ircluding four incubation rooms,
one inoculation chamber, two rooms for media preparation with
working bench facility were created during first year of the
project, Equipment reruired for medium preparation, starili-
2ation, inoculation and incubation of the explants was purchased

and ingtallied,
Two spacious rooms were furnished and handed over to the

reaearch staff,

Fabrication of Green Houses

Two green houses 22' x 28', one cavered with fibre glass
and the other with double glass sheets were fabricated, Thege
are fitted with air-conditioners, heaters, fans, humidifiers
and other units for ﬁrecise control of envirommental conditions
(temperature, light and humidity), A1l the units ingtalled in
the green houses are locally available so repair or replacement
will not be a problem (photoaraphs attached),

Lists of equipment and chemical to be purchased were
prepared, tenders were floated and comparative statements were

prepared, Finagl list for the purchases was prepared on the basis
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of the inatructions contained in the contract document and

submitted to US All) office, Islamabad,

Provision of Healthy Seedlings

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 source of explantsg,

The seeds were obtained from the Department of Agriculture,
Quetta, Pakistan, Results of aseptic culture of henlthy pistachio
seerdlings indicated that physical and chemical treatments

affected germination of the seerds as wrll as health/vigor of

the seedlings,

1. Disinfection of the seeds with 0.1 % (w/v) HgClp
solution for 15 minutes effrctively controlled

contamination .and improved germination response,

2, Removal of seed coat resulted in mechanical injury
which reduced supply of nutrients from cotyledon to
young plantlet, Polyphenolic discharge, during
vigorous qrowth of the cotyledons, inhibited growth
of the seedling,

3, Chilling at 4OC helped in breaking dormancy of the

seeds, Germination response of the seeds with seed



coat, after chilling for 48 hrs and incubation at

75 + 2°C was maximum (75 9).

Incubation at 150(:, without chilling, resulted in

B0 % germination of the sereds,

Seeds cultured on inert aubstrate or nutrient media

with or without supplementation with growth

requl ators affected size of the root, shoot and

number of leaves,

a) Seed)ings grown;medin aunplemented with hormones
grew vigorously, Length of shoot and size of
leaves was maximum in the pregsence of the
growth regulators, Root growth and number of
leaves was more in hormone free media,

b) Supplementation of the nutrient medium with BA,
NAA and Kin individually or in combination
markedly affected sire and numbher of leaves and
stem, 4 mg/l BA plus 1 mg/l each of Kin and NAA
induced multiple shool formation with a diameter
of 30-35 mm and leaf size (lxw) 40x30 mm,

c) Macro and micro nutrients of four different
media, as reported by Murashige and Skoog (1967)
Lloyd and McCown (198n), Driver and Kunijuki{19 84)
and Eriksson (1965), had minor effact on seed
germination and explant survival percentaga or
increase in the size of the explant, Woody Plant

Medium composition was most suitable for exolant



survival, Ms, WP and EK media induced maximum inc rease

in the size of the explant, MS, WP and DK media were

enually effective for seed germination, B(5 medium

had 1ittle effect on germination/survival percentage

and increase in the size of the explant,

Selection of Suitable Explant Material

Explants obtained from young seedling were cul tured on
MS medium containing BA (D0.1-2 mg/1l) and NAA (D.1-1.5 mg/l).
Tinquea of the cotyledonary explants were found to he most active,
Cotyledonary explants formed calli, roots and embryoids, Roots
aAnd callus were formed by caotyledonary stalks while roots of
seedlings formed only calli, Siides prepared by free hand cut
sections of the cultured cotyledons showed heart shape embryos
with definite vascular axis and developing cotyledonary lobes,
Further development of the embryos was restricted due to embryos
inhibitory effect of polynhenolic substances, The atudy indicated
that cotyledons of the seedlingcan be safely used as explants
for somatic embryogenesis and clonal pranagation by tissue

cul ture and for development of new varieites by cell culture

tachnirnue,

Clonal Propagation by Tissue Cul ture Method

Cotyledons of seeds grown an culture media containing auxirs

and cytoking in different concentrations formed calli., Low

zoncentration of 2,4.D or 1ap (i.e. 1-2mqg/1) induced callus



formation but the texture was poor, Combination of 2,4-D with
tAA, or NAA, KIN and/or BAP induced, active callogrnesis and
formed fair textured calli, Fair quality texture was nlso
formed in the presence of relatively high concentration of
2,4-0 (4 mg/1) but callus induction was delayed, Similarly
addition of GA3 retarded callus induction but the callus formed
waa of fair texture,

Cotyledonary explants actively responded to a combination
of 2,4-D and KIN (2 mg/l each), Calli were nodular and while
and there was no browning of the tissun, Callngenesis was
induced at a slow rate when the medium contained 2 mg/1 BAP
and 2 mg/l of ?2,4.0, Browning of the tissue was also evident,
4 mg/1l NAA also actively induced callus formation along with
adventitious roots emerging directly from the cotyledons,

Addition of NHACl (100 mg/l) to the medium containing
2 mg/l of BAP, KIN and 2,4-D affected texture of the calli and
regeneration potentinl, Calli were white, nodular, compact or
friable, but nu embrogenesis was noted whereas Torpido shaped

enbryos were ohbserved in a medium without NHAC].

Development of New Varieties by Cell Cul ture

Production of more and friable calli 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
with various auxins and cytokinina, added aingly or in combinatio

Response regarding colour, texture and callus formation was

ohserved,



Full strength MS medium was most suitable 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
ceat, shoot tissue and mesocarp tissue were used for callus
formation, Best results were obtained with cotyledonary
explants while mesocarp tisaue also formed callus after 3 or 4
subculturea, Subculturing helped in overcoming the inhibitory
effect of polyphenolic digcharge from cut ends of the explantg,

Experiments were conducted to obtain most suitable
physical and chemical factors for the formation of highly
friable calli, Thisg is being extended to the introduction of

callus culture to suspension medium,

Anatomical Analysis of the Fxplants Cultured In Vitrp

Fffect of different hormonal comhinations on juvenile

explants was anatomically analysed, Sections of explants were
nrepared by microtomy and free hand cutting, Calli werr ohserver
by smear method, Induction of trachial element or any morpho-
logical change in parenchymatous tissue were detected by
nhserving the slides under microscope after passing through
apecific staining techninues, Photogranhs of some of the results

are recorded and interpreted individually,
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REGENERATION THROUGH TISSUE CULTURE

PLAN OF WORK

1. Induction of callus from juvenile explants of

seredling,

2. Induction of Somatic embryoqenesis and/or

organogenesis from variesty of calli
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ABBREVIATIONS

Indolebutyric acid
Kinetin

Naphthalene acetic acid
6-Benzyl amino purine
Indole-3-acetic acid
Murashige, T, & Skoog, F

Gamborg et al, (1968)

Woody Plant medium
Erickson's medium

Driver and Kunijuki

(1962)
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RESULTS

Seprdg of P, vera (with and without seed coat) were
disinfected, before culture in vitro, by soaking in 0.1 % (w/v)
mercuric chloride solution containing Iween 2?0 at a rate of
5-6 drons ner 100 ml of fhe digsinfactant, It is evident from
table 1 that soaking of the seeds without seed coat for 10
minutes was most suitable for controlling contamination, Only
10 % of the explahts becoms infected during'incuhation whereas
nermination reaponse was also fair, The seeds with seed coats took
more time (15 minutes) for disinfgction and the rate of contami-
nation was somewhat more i,e. 20 %. However, there was improvement
in the germination, The drawback in either case was that health
of the asceptically grown seedlings was nuite poor,

The effect of disinfactants on qgrowth of seedlings and
their health is presented in table 1, The seed coat seems to
maintain some compressional force againat the walls of cotylerdons
which was indirectly transferred to the germinating embryo, As
a result of this, water absorption was slow and the growing
plumule gradually emerged out of cotyledons without damaging
cotyledonary stalks, On the other hand seedlings germinated from
seeds without seed coats broke one of the cotyledonary stalks,
Although such seedlings fnrew vigorously in the initial stage
but denendence on one cotyledon scon affected their growth
and vigor, Uninterunted enlarqgement of the cotyledong, due to

exceasive water absorption, in case of seeds with sned coats
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caused minute injuries along with the abaxial surface of the

cotyledons which resulted in browning of the cotyledons and
of the medium, Thias adverselv affected growth of the seedlings
(table 2},

It is evident from table 5 that chilling at 4°C helped
in breaking dormancy of the seeds, Germination response of the
greds with seed coat, after cold treatment for 48 hours and
incubation at QSiZOC was maximum (75 %).

Suitahle salt compositions for improving the health of the
aeedlings were selected by screening, Seeds wrre grown on MS,
85, W, DK and Ericksion salt mediun and their growth, increase
in size and callus induction capacity showed that W and MS media
were the best for Pistachio tissue, MS media was still better
than WP medium as callus produced on M5 medium was found to be

50, this medium was used in the rest

more nodular and compact,
of the studies (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
sunnlemented 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 mg/1 BA and 0,25 mg/l
NAA, 47 % germination was observed in a medium containing

1 mg/1 KIN and 0,25 mg/1l NAA, whereas a combination of 4 mg/1 BA,
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1 mg/1 NAA and 1 mg/l KIN further enhanced the germination
nercentage upto 55 % and improved the health of seed,

Thers was a marked increase in the size of the leaves and
diameter of main shoots of the seedlings grown on medium
centaining hormones, In case of medium coentaining BA alone,

BA + NAA or KIN + NAA single shoots with 1.0, 1.5 and 2.0mm
diameter respectively were nroduced, Multiple shoots with
20-30 mm length were induced in the presence of BA + NAA + KIN,
The size of the leaves was anproximateiy four times more than
those grown on medium without hormcnes (table 3).

Explants of seedlings root, shoot and cotyledons cultured
nn media containing Aifferent concentrations of BA and NAA
exhibited H4ifferent morphological behaviour (table 4),

! mg/l each of NAA + BA induced callus formation in explenty

of cotyledons, formed adventitious roots (Fig,4) on medium
containing 0,1 mg/1 BA + 1,5 mg/1 NAA, while qlobular embryoids
wrre observed on the medium containing 2 mg/1 BA and 0,1 mg/1
NAA

?,4-0 was supplied to the cotyledon explants at a rate
nf 2,4,6,8,10 mg/l. ”mg/1l of 2,4-D in the medium was found to
be the best for callus formation and 2,4-D 2 mg/1 in
comhinntion with KIN 2 mg/l was found best, as cotyledong
preduced granular callus in this medium (table 6).

Callus was observed to be more ambryogenic when NHoCl was

nlso supplied in the mediun (table 7)), but no true embryoid

formation has yet been obgerved in the medium containing NH4Cl,
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GENERAL DISCUSSICN

Pistacia vera L, 1is one of those plants which are

relatively new in plant tissue culture technology, 5o, to
start with it was necessary to establish strrilization
techninues and the best suited culture medium and cul ture
caonditions, 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 brst for effective sterilization and it did not damage
the seeds or the embryo, 10 minutes soaking of the seeds
without seed coat was best to gét the highest germination
rate (47 %) whereas seeds with seed coats 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
sterilization or they absorbed more water which caused
breakdown of the cotylerdonary stalks which proved harmful for

the health of the emerging embryo,

Among commonly employed galt mixture Woody Plant medium
and Murashige and Skoog medium were better for callus formatior
from stem, root, leaf or cotyledons, The explant attained muct
larger size, approximately 3-4 times the original explant, wher
woody plant medium was used but the amount of callus produced
was less and callus was not granular; while explants on MS

medium showed some increase in the size but the production of

callus was more and it was white and nodular,
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A combination of BA (2 mg/1) and NAA (0,1 mg/l) produced

very qood results, Here embryogenesis was noticed and in hand
cut sectiong clear heart-shaped embryos were observed, BA
4.0 mg/1 + KIN 1,0 mg/1l + NAA 1 mg/l was found best for growth

of healthy seedlings,

Shortcominga

Non-availability of chemicals and equibment was the

major hinderance in accelerating pace of work,
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Nature of seeds Scaking time -~ontamingtion - Femark
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3 100 + Germination was accompanied
Without with Tungsl contamination,
seed coat
10 10 ++4+ Contamiration controlled,
15 - - Seeds died
19 70 - Serminatian restricted due
to fungal attack,
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CCATS,CN SE3MINATICN
- b : .
Parameters studied | Seeds with sesd coat | Seeds without seed ccat
! !
Germination period 2-3 days 2-3 “ays
Seedling growth Normal Vigorous in early stages
Mechanical injury No signs Cortact of seedling with one cof

the cctyledens was broken,

3rcwning of tissue

Coloring susstances
were dischargzsd from
the sesd coats which
do nct inhibit normsl
grecwth cof seedling,

- Cotyledcns also crow with

- seedling,
- Vigrous increase :n size of
cotiyledons without seed czoat

protection ¢auses numerous
mincr injuries on their
adaxial sides,

- s a result polyphenols were
dlschargnd which were

injuricus to seedling health,
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54 1.0 42 1.0 Single 10x7
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+ +
Naa 0.25
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+ +
Naa .25
3A 4.0 55 3.0=-3,5 Multionle 47 %30
KIN 1.0
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3G TAPLANTS

{
3A Naa § Exnlant ] Mcroholoqgical response
§ Q
1 mg/1 1mg/1 Cotvledon Callcogenesis
Cotyledonary stalk Rhizogenesis
reot Callogznesis
1 mg/i d,1mg/1 Cctvledonary stalk Coilogenesis
0.1 1.5 Cctvledon Rhizogenesis
2.0 0.1 cotyleden Callonenesis + embryoid

ba
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EFFECT OF TEMPERATURE ON BREAKING DOWN OF
CORMANCY AND GERMINATION PERCENTAGE

b e e fm

Remarks

Sterilization
and inocula-
tion before
temperature
treatment

Sterilization
and inocula-
ticn gfter
tempnerature
treatment

0 Germinaticn % 3fier zhilling at 409C
0 Groun of |
] seeds § 5§ hrs, ! 12 hrs,{ 24 hrs,{ 48 hrs! 60 hrs
o ! o ! o o
} } ] ! )
With seed 30 35 50 0 70
coat
Witbhout 10 28 30 30 30
seed coat
With gea=d 30 35 55 75 70
coat
Without 10 20 20 35 35

semd cpat

Chilling treatment
is necessary to
break down the
dormancy of the

seeds, It may be
don= before cr
after gsteriliza- N

tion and inocula-
tion,The tregtment
was found less
effective before
48 hrs,., interval
is couplete,
Chilling after

‘48 hours did

not improve:

rate of germi.
nation. Semds
without seed coat
were less succe=ss_
ful in germination

Salt composition

Sterilizaticn aaent =

Incubation temperature

MS medium
Hqu? 0.1 % + 1S min, soaking,

25+2°%¢



TABLE-

Sy ZFFECT OF 2,4-D & DIFFERENT CYTCKININS ON
THE GRCWTH OF TISSUE EXPLANT IN VITRC

G th t
rew regulators mg/l g 8 Tissue response
Auxins 3 g B#owning 3
4 issue Regen- g
2,4.0 tiaa b 134 g NAA 3 gap § KIN SZiP ¢ ) Callus erytion General Remarks
) S )

2.0 - - - 2.0 - - ++ + - Slow growth of
callus,

2.0 - - - - 2.0 - - +4+++ - Actively grow-
ing callus
nodular white
is color,

2,0 - - - - - 2.0

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

sspeared the cotyledons
in the

beginning

then

finished

2.0 1 - - - 2 - - ++ - Slow growth,

- - - 4 - - - - ++4++ Root Vigrous growth

of roots from
cotyledons

Medium used
Sucrose
Agar

nnwa

Murashige and
3%
0.7 %

1 4



TABLZI.7: EFFECT COF NITREGRE™ SUPSL SMT'TATINY
N THE TISSUE RESP ONSE in vitro

Growth regulators mg/1 g Tissue response
BAP §{ KIN{2io0 0 2,4-D§ 144 ) IEA) NAAQ NHC1 ¢ Callus{cp)our! Ragen~ (
0 } 0 ¢ § ¢ 0 { mg/1} inocu-f f ! eration( General remarks
0 § § ) § 0 0 ) { lation{callus 0
2.0 - - - - - - 0.1 - +++ White Embryn Embryo were deve-
losed umto tor-
midg shane
2.0 - - - - - - 1 -
- 2.0 <o - 2.0 - - - - +++ White - Friable callus
2.0 - - - -~ - - 1 t00 2
- 2.0 - - 2,0 - - - 100 +4+ White - Nodular comeact
- 2.0 - - 0.2 - - - - +++ White - Friable
- 2.0 - - 0.2 - - - 100 +++ White - Nodular less in

quantity,

+++ Very good
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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 al)so sunnlied hy the
Horticulture Department,

The seeds were found to be heavily contaminated, These were
decantaminated first by dipping in 90 % ethyl alcohol for 1 minute
and then by soaking in solutiona of mercuric chloride or calcium

hypochlorite,

Fffect of Temperature on Germinatior of Seeds

Necontaminated secds were kept on wet cotton in a 4 irg hes
petri plate at the rate of 10 aeedslner nlate and kept in the
dark al smbient temperature, The seads fasiled to germinate
under these conditions, 0On gradually lowering the temnerature
from 350C to 150C it was found that the rate of germination improved

0
with a decrease in temoerature, It was 15 % at 25 C, 60 % at 20°C

@]
and 80 % at 18 C(table B).

Effect of Growth Promotors and Nutrients on Growth of the Seed]l ing

Germinated seeds were propagated on M5 and WP nutrient media
with or without growth requlstors, Effect of these changes on
length of the stem and root and number and area of lenves was
studied, It was noticed that the germination of the ceeds was not

affected by growth reqgulators and nutrients prcsided in the med ium,
But once germination was initiated further growht of the sredling

was greatly affected by the media composition, Germination of seeds

wag noticed after 4 days of incubation and all the seeds germinated



TABLE-8 ¢ EFFECT OF TEMPERATURE ON SEED
GERMINATION

0 Batch § Numbex of |} ! Percentage of
Temperature §{ No, } saads { Germination {§ gemrmination
[ d § §
350C 1 5 0
2 5 0
K| 5 0 o
4 5 n
5 5 0
30° 1 10 1
2 10 2
3 10 8] 10
4 10 1
ZSDC 1 10 2
2 10 1
3 10 1 15
4 10 2
20%¢ 1 10 7
2 10 6
3 10 5 60
4 10 6
15°¢C 1 10 B
2 10 B
3 10 7 80
4 10 9
5 10 9
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within 7 days, The rate of growth in case of the seeds kept in

the dark even after germination, was slower than those which were
trangferred to light, The food reserve in the cotyledon invariably
exhausted after 2 weeks, and the seedlings started dying if not
transferred to fresh nutrient medium,

Table 9 shows a study conducted on seedlings with or without
cotyledons cul tured on media without nutrients, with nutrients
nlone or nutrients supnlemented with growth regulator, The changes
in length of root, shoot and number and area (length x width) of
young leaves till the seedlings showed signs of deterioration/
necresis were noted, Growth of seedlings with cotyledons on sterile
moist cotton was minimum, Lengths of atem and rool were 1.5 em and
3.5 cm respectively at the end of the third week, At the same time
an averane of five leav/es (?2-5 mmL x ?2,5umW) per seedlings were
present, In the fourth week shoot tip necrosis appeared,

Seedlings without cotyledons grown on hormone free nutrient
medium showed scme improvement in the length of stem and root
which was 2,5 cm and 5 cm respectively while average leaf number
was B per geedling with length and width of lamina 1.0 and D,7 cm
respectively, Growth of cotyledon free aeedlings again showed
soma signs of improvement on hormone supplemented nutrient medium,
Average shoot and root length:, after three weeks, were 4 and 3 cm
respectively, But average leaf count wans lesser i,e, 5 lenves
(2.5 cmL x 1,7cmW) as compared to B in case of cotyledon less
seedlings grown on nutrient medium only,

Batch of seedlings with complete parts grown on simple nutr ent
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TABLE - ¢ ; EFFECT OF NUTRIENTS AND GROWTH REGULA TOR
ON SEEDLING GROWTH

¢ b ¢
g wet cotton only g Nutrients without growth requlator g Nutrients with growth regulator
g With cotyledon g Without cotyledon g With cotyledon g Without cotyledon g With cotyledon
M 0 ] 0 v ] ) ¢ ' b0 o § ! } ! | {
v 1st 4 2nd 3rd 4tk v 1st | 2nd p 3zd y 4th § st 6 2nd ¢ 2rd y 4th § 1st ¢ 2nd ¢ 3rd 4 4th ¢ ist 2nd § 3rd § 4th
0 week; week, week,; week | week, week, week, week |{ week, week, week! week } week! week'! week week week . week i week | week
Q § ey b § esky mesky weeky P oweeky weeky week, j e sk weeky b ek o
= =
3
Length 1-2 icm 1.5 1-2 tem* 1.5 2.5 5 1=? 1.5 dcm 2-3 1.5 4cm - -3 1.5 Scm
S m cm © mm cm mm
of mm em mm cr - . cm o mm omn
stem = é’ T -
v [
Length 2=3 2cm 3.5 o 2-3 3cm 4cm  Sem 2-3 acm 6cm  ® 2-3 2cm dem - 2-3 2cm 3cm s
of mm cm By mm 5 mm o mm < mm n
root e e § E et
v
© o - 2 =
Numbe r 0 3 5 o 0 3 5 8 2 0 5 B 270 0 3 5 g 0 3 5 o
of Q » =
+ o~ o
leaves c n o et
K F g :
o o Z o~ 8
u
Length o 2-3  2-5 0 3-7 3.7 1em § 0O -7 1.5cm 0 1.5 2.5 2 0 1,5 2.5
of mm mm mm mm = mm cn cm cm cm

leaves



30

medium and hormone supplemented nutrient medium showed marked
difference in length of roots and number and sije of leaves., 0On
gaimple nutrient medium stem and root length were 4 cm and 6 cm,
average leaf count was B with lamina size 1.5 emb «x N.9 cmW,

Shoot and root length on hormane supplemented madia wei= 5 cm and

3 cm respectively but number of leaves per plgnt was 5, The

leaves were more extended (2,5 cmb x 1,8 cm W), In first three
conditions, fourth week was disastrous for almost all the seedling
batches with/without cotyledons, grown on inert or enriched medin,
On wet cot*on the serdlings started dIYﬁ”g while on nutrient medium
shoot tip necrosis appeared irrespe;tive of the condition for
cotyledons intact or removed, Shoot tip necrosis apneared during
third week of culture in cotylzdonless seedlings growing on hormone

supplemented nutrient medium,

5hoot Proliferation

Shoot proliferation was the major ohject of the study, Proli-
feration was attempted in case of both juvenile and mature shoots,
Partial success was achirved in case of juvenile shoots, Plant

requlators activated the buds in the axil of the leaves, A

combination of BA (4 mg/1) and NAA (0.25 mg/l) activated the buds
which resulted in 6-8B new stums from a single stem,

The work is in progress,

P"roblem Faced During Work

1. Necrnsis which genesrally appeared in the second last intermode

made it difficult tn maintain the rxplant stock, As a result
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of necrosis the healthy tips died and the axial buds hecame

active, Necrosis again appeared when the plant attained the
same height, This process was repeated till the death of the

plant,

Browning 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

wag found to be partially effective,
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REGENERATION THROUGH CELL CUL TURE
Plan of Work
Stage 1 Induction of callogenesis
Stage 2 Initiation of suspension culture
Stage 3 Induction of embryogenesis and

organogenesis

Transfer to Green Houses
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ABBREVIATIONS

2,4-1 2,4-Dichloruvphenoxy acetic acid
Kin, Kinetin (6-furfuryl aminopurine)
Tan, Indole acetic acid

NAA, ~ Naphtalene acetic acid

IBa, Indole butyric acid

BAP (BA) Benzyl amino purine

2iP, 2-lsopentenyl adenire

GA3. Gibberellic acid

M3 Murashiqge & Skoog mediun

WP M Vioody plant medium

GR Growth requlators



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

1) To induce callogenesis in different explants,
2) To induce friability in calli obtaj ned,
3) To select combinations of growth regulators

which would give good auantity calli,

4) To minimize browning,

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

6) To study the degree of sterilization achisved with
different concentrations of HquQ,Cn(DCJ)?, NaOCl1, and

7) To study the effect of concentration of inorganic

ions,

The main emphasis had been to obtain calli that were good

in nuantity and colour by using different concentrations of growth

requlators, The combinations used for this nuUrpose are:.

a) salt mixture + auxin only
b) snlt mixture + auxin + cytokinin
c) snlt mixture + cytokinin anly

Table 1 encompasses results of the exneriments that were
conducted to obtain qood nuantity calli with good friability,

The results of the studies with media containing full
strength M5 salt mixture plus 3.0 per cent sucrose + 0,7 % agar,
half strength MS gsalt mixture plus other ingredients or full
strength M5 salt mixture Plus 1.0 per cent sucrose plus 0.7 per

cent agar after supplementation with different concentrations of



hormones are depicted in tables10-12,1t is evident that auantity
and friability of calli varied when full strength MS salt mixture
was supplemented with various concentration of hormones, The
best(highly friable and in good quantity calli) results were
obtained when 5 mg/1 NAA or 2 mg/l each of 2,4-D plus KIN or

n.5 2,4-D + 2,0 IAA + 0,5 KIN (mg/1) were added to full strength
M5 aalt mixture (table 1p),

Reduction in the strength of MS galt mixture to half also
gave highly friable and in good quantity calli when the medium
contained 2 mg/l each of 2,4-D and KIN (table11). Reduction in
the amount of sugar from 3 per cent to 1.0 per cent adversely

affected both nuantity as well as frishilily of calli (table 129,

Replacem=ant of MS galt mixture by full strength WPM resul ted
in the formation of friable calli in fair nuantity only, Reduction
in the strenqth to half resul ted iq?decrease in the quantity of
the calli as well as their quality (table14d),

It is evident that rate of initiation of seneacence due to
browning of callus was different for different batches containing
different concenlration and combinationg of growth regulators and
salt mixtures, Histegrams (A-C) show the time taken by different
calli to become "brown", M5 medium in full strength and half
strength was emnloyed in all the bhatches shown in histogram A and
B, whereas woody plant medium (full strength) was employed "in the

batches in histoqram C,

Callus initiation was successfully obtained from cotyledon,

mesocarp, embryonic axis, seed coat and shoot, Some of the
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concentration; and combinations of growth requlators which imduced

calli in different explants are given in table 15,

Initiaticn of cell suspengion culture has only recently been

undertaken, Some of the work done has been tabulated in table 16,

GENERAL NISCUSSION

The work that has so far heen accomplished mainly centered
around the study of chemical manipulations for the appropriate
selection of growth requlators in proper concentration and
comhinations, Studies also involved the selection of salt
mixtures and the impact produced by varying their strengths,

Following parameters were studied,

1) Production of Good Nuantity Calli

The main purpose of the study waa to ohtain good quantity
calli, This was accomplished by trying different concentration

and comhinations of growth requlators with full strength
Murashige and Skcog (MS) medium (table 10) and by repeating
rasults mentioned in table 1g with half strength M5 medium
(table 2) with full strength Woody Plant Medium (table 13)
and with half strength WM (table 14),

Table 10 clearly shows that maximum nuantity (++++) of calli
wag produced in batches No,56, 17 and n (table 10), The nuantity
of calli in batches MNo,30, 33,70,R0,07, 77, 82,49,72,23 4nd 73
was slightly lesser than batches No,9,17 and 56 (table 10), The

nuantity was still less in hatches No,19,69,5,53,15,20,76 and A4a-



The concentration and combinations nf growth requlators
which gave optimal yield (table 10)were then tried with half
strength M5 medium (table 11), It can Ye judged from the
results that the nuantity of callus produced in hatch No, 06
and 113 (table 11) corresponded with the results of batches
Mo,2 and 10 (tablz 10), The nuantity of callus formed in bhatches
No 119 and 127 (table 11) was more than batches No,31 and 16
(tahle 1p), The nuantity of calli in hatches No,120, 122, 123,
124 and 117 (table 11) was lesser than that observed in case of
hatches Ne,32, B2, B3, 87 and 23 (tabl=a 10), It is avident from
table 11 that the auantity of callus formaed decreaserd when half
atrength M5 medium was employed,

The positive results of table 1g were then repeated with

full strength woody plant medium, Results included in table 13

show that quantity of callus formed remained the same in batch

No 96 and 90 which corresronded to batcles No,23 and 76
resnactively (table 19y, The nuantity of callus formed in batches
No.90, 91, 92 and 101 was lesser than that in batches No,9, 15,
41 and 03 (table 10), -Therefore it can be safely concluded

that the nuantity of callus reduced when woorly plant medium

(WPM) was employed,

The results of table 10 were then repeated on half strength
woordy plant medium, Table 14 shows that the nuantity of callus
was less in batches No,103A, 1038, 103C, 1030, 103E and 103F
as compared to batches No,9, 19, 76, 56, 77 and 23 respec tively

(table 1p), Reduction in the amount of sucrose from 3 to 1 %



resulted in a decrease in the production of callus (table 1),
These results indicated that full strength MS medium was

most suited for obtaining optimum quantity of callus,

2) Friability

Calli formation in different batches as shown in tables 1N-14
indicated that the growth requlators and salt mixtures produced
profound effect upon the friability of the calli formed,

When MS medium in full strength was employed, the madi mum
(+4++) friability was produced in batches No,9, 17 and 56
(table 10), Very good (+++) auality calli were ohtained in
batches 30, 33, 53, 19, 72, 74, B0 and B3 (table 10)and (++)
nunlity calli were ohtained in hateh No, 15, 32, 67, 70, 5, 23,

73, 77, B4 and R7 (table 1p),

"The resu)ts of table 10 were repeated with half strength MS
medium,keeping all the other conditions constant (table 11),
Friability of the calli formed in batches No,086 and 113 (table 11)
wias comparable with batches No,9 and 10 (table 10). There was a
definite increase in friability in batches No,117, 119, 120, 122,
123, 124 and 127 (table 11), These re~ults indicated that
friability increased when the strength of MS medium was reduced
to half but reduction in the concentration of sucrose had
adverse effect (tabhle 12),

The exoeriments with full strength woody plant madium (WPM)
(table 13)showed that the friahility in batch No,98 was better
than batch Na,76 (table 10), The friability in batches No,93
and 101 was comparable with hatches No.33 and 83 (table 10) which
deteriorated in batches No,90, 91 and 96 (table 13)

It appears



from the results of table 13 that the friability was not improved
when WPM (full strength) was employed,
A similar trend was noticed vhen half strength woody plant

medium was employed (table 14),

3) Sources of calli

Callus formation was successfully achicved through
cotyledon, mesocarp, embryonic axis, seed coat and shoot, tiasues,
Jome of the aignificant results are recorded in table 15, Best
calli were generally achieved through cotyledon, The most
interrating observation was the induction of callongenesis through

mesocarp Lbtissue,

4) Hrowning of callus

Senescence due to browning had been a mnjor problem for
the dedifferentiated cells, Time neriod, from initiation to
complrte browning, varied with different concentratinn and
comhinations of growth regulators,

Fig,1 clearly shows that the maximum period for the
browning to overcome the callus was abserved in batches containing
only NAA, It took 13 weeks in case of hatch No,56 (NAA 5 mg/1) .
and 1?2 weeks for batch No,53(NAA 2 mq/1), The time period for
browning to overcome the callus was 11a0 delayerd when 2,4-0
Kinetic or 2,4-D + Kinetin 4+ NAA/IAA were employed, It took 10
werks for bateh No, 19 (2,4-D(3mg/1) + Kinetin (Pmg/1): 9 weeks
for batch No,72 (2,4-0(3mg/1) + NAA (Img/1) + Kinetin(3mg/1)
and 6 wesks for batch No, 17 (2,4-0(0,5 mg/1) + Kinetlin (0,5mqg/1)+

TAA (2mg/1). Although it took 10 weeks in batch No,19, it tork
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only 5 weeks in batch No,9 (2,4-D0 (2mg/1l) + Kinetin (? mqg/1)
where 2,4-D was reduced to ? mg/l, It took 5 weeks for batch

No.?3 (?,4-D (0.2mg/1) + IBA (5mg/1) + BAP (5mg/1) + GA,(D,5mg/1)

and 4 weeks for batch No,33 (2,4-D (4amqg/1).

When MS x } medium was employed (Fig.?) the "browning"
time was not affected, It was 5 weeks in hatch No,.B6 and 4 weeks
each in batch No,119, 120 and 122 (see corresponding batches No,9,
33, 30, 74 respectively of Fig.,1). Thne use of WPM in full strength
also Adid not produce any significant variatioo in the “browning"
time (Fig,3), The variation usually ranged between + 1 wsek,
when "available" results of MS x 1 (Fin,1) were compared with
WM x 1 (Fig,3), Browning overcame in 6,5 weeks in batch No,99
(2,4-D(4 mg/1) + NAA (2 mg/1) + Kinetin (2mg/1) and 101
(?,4-D (3md/1) + IAA (3mg/l) + Kinetin (3mg/l) + GAy (0.5 mg/1),

It took 6 weeks in batch No,93 (2,4-D (4 mg/l).

It is very difficult to cross-compare the resulte of
Figures 1, 2 and 3 as the results of corresponding batches are
not avalilable. More work is heing dene to tlis end,

By comparing the results given in tables 10 - 114 ind
Figures 1,2 and 3 we can select the following batches for taking

the work into stage No,?2,

Batch No.9

" 19
" 56
" 53
30
" 33
" 1 7
" 23

DN DdDSWN —
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9 Batch No, 72
10 " 73
11 " 80
12 " 83
13 " 87
14 " 86
15 " 82
16 " 127
17 " 90
18 " 93
19 " 101
20 " 103D

Work on stage No,? of the plan of work hasg been initiated,

4
1tches with inoculum density varying from 1x10 cells/ml
vatch No,757) to 11><1D/1 cell~/ml (batch No,758 and 756) have
ren set up, Cell density has definately increased in hatches

1,757, 798 and 756,



ACHTEVEMENTS (1987-08)

1) Work on stage 1 has almost been completed,

?) A number of suitable combinationa of growth reaulators
have been formulated which provide good nuality calli in
reasaonable quantity,

3) It bas been established that with proper concentration
and combhinations of growth regulsators and with serial
subculturing of the explant, the "browning" problem can
be minimized if not completely eradicated,

4) Physical conditions for proper experimentation have been

eastablished,

5) Surface sterilization procedures have been estahlished,
6) Calli have been obtained through mesocarp tissue,
7) Work on stage No,2 regarding the initiation of suspension

culture, has been initiated and atleast 3 batches are

getting along very well, There is a definite increase

in cell density,

CONSTRAINTS

So far, the major constraint has been the delay in the
arrival of laboratory instruments, This has directly result ed
in the loss of labour and time (e.q, results of many batches
ara nnt available bechuse they were destroyed by contamination),
This single factor is also responsible for slight Jggging in

achieving the goals set for the 1st year.
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TABLE-10 EFFECTS OF GROWTH REGULATORS ON THE QUANTITY AND
QUALITY OF Calli FORMED USING FULL STRENGTH MS
MEDIUM

Plant Growth Regulators (Mg/1) Callus

: ) 0 0 0 Oth :
[
BRES" 2.4aoD § 1AA g NAA g 1BA 8 KIN | BAP | 2ip § GA, g GR 1f 3 Quantity g Friability
H H H § § ) A anv ¢ H

1 2 Y 3 ¢ 4 Y 5 b 6 p 7 B ¥ 9 § 10 ¢ 11 ! 12

15 1 ++ fairly frisble

28 1.6 ++ Compact

25 2:4 - -
-30 3.2 e+ Frigble

31 4 + Comﬁact
- 32 3.2 4t Fairly friable
-33 4 : +++ Friagble |

35 4.8 - -

36 5 - -

37 6 - -

38 7 - -

39 5,33 - -

40 1 - -

41 2 - -

42 3 - -

43 4 . + -

50 0.5 - -

51 n.6 - -

52 1 + Fairly friable

53 2 ++ Friable
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TABLE-10(Continued)

1 2 3 6 6 7 ¢ 9 0 10 ] 11 12

23 0,2 5 0.5 +++ Fairly friable
24 3 3 - -

25 5 5 - -

26 4 2 - -

27 5 1 - -

69 1 2 1 ++ Compact

71 2 2 + Compsact
72 3 3 +++ Friahle

73 1 1 44+ Fairly friable
-T74 2 2 2 ++ Friable

76 4 2 ++ Compact

77 4 4 ;5 +++ Fairly friable
-80 2 2 5 .5 ++4+ Friasbie '

B2 2 2 . +++ Compact
- 83 3 3 . 4 Friable

B4 2 2 +++ Fairly fyiable

85 1.5 2 - -

BY 1 2 1 Casein hy-  ++4+ Friable

drolysete
1%
BB 2 2 Yeast extr. - -
€ act 1 ¢

69 10x10 M 5x106M - -

44 1 - -

45 2 - -

46 3 + Compact

47 4 -

48
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TABLE-1D(Continued)

1 i 2 f 3 § 4 ¢ 5 0 6 0 7 0 8 § 9 10 11 0 12
54 3 + -
55 4 - . -
-56 5 4+ Highly friable
57 = -
58 - -
59 1 - -
60 2 - -
61 3 - -
62 4 + Fairly friable
63 5 - -
64 6 - -
70 10™ %M ++4+ ++
78 10 + -
1 1 1
2 3 0,5 + Compact
3 5 . - -
4 4 - -
5 3 1 ++ Fairly friable
B 2 1 - -
9 2 2 ++4+4 Highly friable
16 2 2 2 ++ Compact
17 0.5 2 0.5 ++4++ Highly friable
19 3 2 +4++ friable

21 2 Adenine - -
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TABLE-11:EFFECTS OF GROWTH REGULATCRS AND HALF STRENGTH
MS MEDIUM ON THE QUALITY AND QUANTITY OF Calli

FORMED
g Plant Growth Regulators (Mg/l) 8 Callus

B:ZCh 4 7 7 7 i ] T EA { Otherd L) e s

* §f 2,4-D § NaA b 1AM 4 IBA § KIN § BAP | 2iP "3 § GR if§ Quantityy Friability

} § ) § ¢ § { § any

11 2 V.3 ' 4 ¥ 5 T 6 T 7 1 =8 9 v 1o ¢ 11 12
112 2 2 - -

B6 2 2 P Highly fdable
113 3 2 ++ Friable
114 i - -
115 3 - -
116 0,5 2 0.5 - -
117 0.2 5 5 0.5 ++ friable
118 2 2 2 - -
119 4 4 ++ Friahle
120 3,2 - Friable
121 4 2 2 - -
12?2 2 2 2 ++ Frigble
123 3 3 3 0.5 + Fairly friable
124 1 2 1 T + fairly friable

125 1 1 1 + fairly friable
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TABLE-12: EFFECTS OF GRCWTH REGULATORS ON QUANTITY aND QUALITY

CF Calli FORMED WHEN 1% SUCROSE AND FULL
MEDIUM waS EMP| DYED

STRENGTH MS

0 Plant Growth Regulators (Mg/1) ! Callus
Batch § 0
o 3 o [ ! 1T I Othezl ;
* ) 2,4-D IAA | NAA § IBA | KIN { BAP 2iP 0 GR i) Qus ntitylFriability

¢ ] o | 1 ] b any § b

19 2 V3 1 4 EI 7T 81 ¢ _10_ T T % 12

132 - -

133 10-5- + Fairly frisble

134 2 + Compact

135 4 + Compact

136 5 - -

137 1 ! - =

138 2 2 - -

139 1 1 - -

140 2 2 - -



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

Lg

‘ : Plant Growth Regulators (Mg/1) g Callus
Boweh ; ; 3 [ g 1 T or 1 Otherg A
; 2,4-D g NAA 0 IAA 2 IBA KIN 8 2iP 2 BAP 8 3 8 gsvifg QuantltygFrlablllty
I b 3 ¥ 4 85 T 6 ¥ 7 t 8 [ o T 1g b 11 b 12
90 2 2 +4+ Friasble
91 1 + Compsct
92 2 + Compact
93 4 ++++ Frisble
94 3,2 - -
95 0.5 2 0.5 - -
96 0.2 5 5 0.5 4+ Compact
97 2 2 2 - -
98&9§ 4 2 2 ++ Friable
100 - -
101 3 3 . 3 0.5 4+ Friable

102 10x10~x 5x10=6p
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TABLE-14; EFFECTS OF GRUWIH REGULATORS DN THE QUANTITY AND
QUALITY OF Calli FORMED USING 4 STRENGTH WPM

! Plant Growth Requlators (Mg/l) 0 Callus
Batch g 0 : ;
No. | b } b 0 ]
° § 2,4-D | NAa § IAA | IBA | BAP jKinetigy 2iP  eatin GA Other GR Y D?a”'o Qua-
] o b ] ] ] o ! [ 773 ifeny | ity  lity
1 V2 b3 7 4 E ] 6 v 7 ¥ B ¥V 9 T 1p 1 11 P12 0 13
103A 2 2 + Compact
-6 -6 - R
102 10x10 M 5x10 M + Compact
103B 3 2 ++ Compact
103C 4 2 ) + Compact
103D 5 ++ Fairly friable
103E 3 3 3 . Cogpact
103F 0.2 5 5 0.5 $+ Fairly friable
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TABLE-{5, INDUCTION OF CALLUS FROM EXPLANTS

atech ¥ Auxing ! Cytokinins V Salt ! Callus induced
No, ¢ (mg/1) ¢ (mg/1) ¢ mixture from
1 2 3 4 5
30 2,4-0(3.2) MS(full Nucellar tissue
strength)
9 2,4.D(2) Kinetin(?) " Cotyleon
17 ?,4-D(0.5) Kinetin " Cotyledan
IAA(2)
19 2,4.0(3) Kinetin(?2) " Cotyledon
83 2,4-D(3) Kinatin(3) " Cotylmdon
IAA (3)
56 NAA(S) " Cotyledon
72 2,4-D(3) Kinetin(3) " Cotyledon
NAA(3)
16 ?2,4-D(2) Kinetin(2) MS(half Cotyledon
strength)
73 2.4-9(0-7) BAP(5) + MS(full Cotyledon
IBA(5) GA5(0.5) strength)
13 2,4.D(4) WPM(full Cotyledon
atrength)
9 2,4-D(4) Kinatin(?2) " Cotyledon
NAA(?2)
11 2,4-D(2) Kinetin(3)+ " Cotyledon
IAA(3) GA5(0.5)
9 2,4-D(4) MS(half Cotyladon
strength)
0 2,4-D(?) BAP_(5) MS(full Seed coat
IBAL(5) Kinatin(2) strangth)
6 2,A-D(2) Kinatim(2) MS(half Seed coat
strength)
3 2,4.D-(1) ldnetin(1) MS(full Semd cont
NAA-(1) strength)
0 2,4.D(3,2) " Sead coat
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TABLE-15(Continued)

1 2 3 4 5
119 2,4.D(4) WPM(full S5eed coat
strength)
15 72,4-D(1) MS(full Embryonic
strength) axis
73 2,4-D-(1)  Kinetin{1) " Embryonic
NAA(1) axis
A9 1AA BA(5x10=5 ’ -
(1Ux10—6M) M) Em?ryonlc
axis
a» 1AA(?) WPM(full Embryonic
strength) axisg
RT 2,4-D-(1) MS(full Embryonic
IAAL(2) strength) axis
1?2 NAA() BAP (1) " Shoot
137 NAA(1) BAP (1) " Shoot
147 2,4-0(3) Kinetin(?) " Mesocarp
148 2,4-D(4) Kinevin(?) " Mesocarp

NAA(2)



TABLE-16; INITIATION OF SUSPENSION CUL TURE

52

! Inoculum 0 0 Inoculum §
Jatchy obtained ] Auxin Cytokin density 0 Rema rks
No. 0 from ¢ (mg/1) (mg/1) 0 in cell !
! 0 ‘ ¢ per ml v
0 4 0 )
51 151(9)  2,4-D(2)  Kinetin(?) 2x10% Batch destroyad
due to contami-
Nnation
'52 178 2,4-0-(0,5) Kinetin(Q,'5) 1x10‘ Batch getting
IAA-(2) along ver
well rasufts
awaited
53 164 ?A:-?5§3) Kinetin(3) Results awaited
- also
GA3 (D,5)
5S4 159 2,4-.D-(0,?) BAP (5) Results awaited
also
GA3 -(005)
55 156 2,4-D-(3)  Kinetin(3) Destroyed by
NAA-(3) contamina tion
56 157 4x104 Resul ts awaited
57 153 2,4.D-(1) Kinetin(1) 1x1g‘ Resul ts awaited
NAA-(1)
4
58 166 2,4-D(3) Kinetin(?) 4x10 Results awaited
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WEEKS
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Fig. 2.

EFFECT OF GROWTH REGULATORS ON

"BROWNING™ OF PISTACHIO CALLI*
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WEEKS
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Fig.

3

EFFECT OF GROWTH REGULATORS ON
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ANATOMICAL STUDIES OF IN VITRO CUL TURED P, VERA EXPLANTS

Histological examination of hormone induced dedifferentiation
and redifferentiation of ip vitro cultured P. vera explnnté and
their comparison with in vivo differentiated tiamue helpa to
conclude specific mode of action of any homone related to ultra

structural/morphological changes,

Plan of Work

1. Study of histological features of shoot and root
tips of seedlings cultured on hormone free mediunm,

7. Analysis of hormone induced anatomical changes in
calli with/without any mornhological changes leading
to organogenesis or embrvogenrsis,

3. Comparison of calli propagated on different media,

Histological examination of competable and non-

competable micrograft union sections,

Histological changes in the sections of exnlantg, which
included cotyledons, eoi, meso and hynocotyles and tips of the
ronts, shonta and seedlirg, grown on M5 medium with or without
supplementatioh with hormones were studied and recorded in the
form of photogranhs,

Microtechnical procedures leading to microscnoy included
fixation of explants in FAA (Formaline, Acetic acid and alcohnl)
mixture, The explants were dehydrated by passing through Aif ferent

concentrations of TBA (tertiary hutyl alcohol), absolute aleshol
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and water, Finally the sections were prepared by microtomy of the
naraffin emhedded explants, Free hand cutting and smear methuis
were also annlied for calli and globular emhryoids,

Delafield hematoxylin staining mrthod was adopted to locate
zones formed with aggregates of cells densely filled with
cytoplasm, Safranin.fast green staining procedure was suitable
for detection of induced tracheal element in the calli,

Some photographic reaults of diffrrent harmonal combinations
on callogenesis of cotyledonary explants of P, vera are depicted

in photegranhs, Full strength MS medium supplemanted with the

following concentrations nf growth requlators was employnd,

2,4,D 2.0 ma/1
Kingtin 2.0 mg/1
IBA 2.0 mg/l
Yeast ext, 0.5 % w/v

Photograph Nos,22,24,48 and 50 show abnormal swelling on the
magocotyle portion when cotyledens were cultured on MS medium
sunplemented with hormones,

On the peripheral part of the cortex reqion and helow the
hypodermusg darkly stained, COmpa;t group of cells were develonerd,
which were different in shane from the normal cortex crlls,

These were smnll rounded cells, without intercellular space between,
and were densely filled with cytoplaam, This tyne of cells wnaa

nlso present within the combium cells., Fndodermis and pericycle
showed abnormal growth and xylem and phloem region were well

dif ferentiated, Outside the pith region large numher of small
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nsize, dark, tightly packed cells were nresent, Pith cells were
larger in size than the surrounding cells,
Cillngenesis from cotyledons propagated on full strength

MS medium ccntaining 2,de, 0.2 mg/1, Kinetin 2,0 mg/1, ?iP
2.0 mg/l, Sucrose 3,0 % is daepicted in photograph Nos,18(7ﬂ)
A4 (06,76 and (78), Two types of cells—one of irreqular shape
and the other round, were niesent, Dark region of the
photographs indicated presence of denae cytoplasm in the cell,

Photograph Nos,?0,7? 74,52 and 54 were from the cotyledonary

cnllus grown on M5 medium with NAA 1,0 mg/1, NH,C1 100.0 mg/1,

Sucrose, 3,0 % and BAP 2,0 mg, Two types of cells seome round

in shape and similar to cotyledonary cells, others elongated were
seen, These cells were darkly staiﬁed and showed dense cytoplasmic
contentsg,

Photograph Nos.fin and (B4) showed callus formation from
cotyledon due to the influence of NAA 4,0 mg/1l and sucrose 13,0 %,
Callus cells were irreqular in shape, Some were small in
size and others large at 25X magnification, These cells were well

stained and were different from normal cotyledonary cells,
Differance in shape and size demonstrated effect of NAA, Dark
staining showed presence of cytoplasm,

Photograph Nos, 30,32 (34,38 and 40 show callogenesis from
cotyledon and its morphogenic changes due to the effect of
2,4.0 (4 mg/1), Two tynes of cells wern present in photograph

No,30, Some were round in shape and darkly stnined, others were



groups of conducting strands, There strands shoawed trachery
elements - formation in the callus, Fhotograph Nos,32,34 and

38 showed rounded cells, whereas irregulars, rounded and elongated
cells arranged in two rows, were nresent in photograph No,40,

Thig variety of cells showed induction of organoqenesis in the

callus and dedifferentiation of cells,

Photograph Nos,56 (GH),60.(62,6" and (70) showed calloaenesis
on sunplementation with auxin and cytokinin,?,4-D 1.0 ng/1,
Kinetin 1,0 mg/1 and NAA 1,0 mg/l., Elongated cells, irreqular
cells and rounded cells are present in these nhotographs, The
cells are tightly packed and no intercellular space in present
between them, All these cells were darkly stained, filled with
cytoplasmic contents and small vacuoles were present in these

cellsa,

Root regeneration from cotyledon in the presence of kinetin
(2,0 mg/1) and 2,4-D (2,0 mg/l) is depicted in photograph
Nos, 26464 66),which show well differentinted reactions of trachery
elementa, Double walled xylem cells were also clearly visible,
Paricycle cells around the phloem tissues were well differentisted
and darkly stained, Two types of phloem mets and proto-phloen
were clear, Pith cells were large in sise and darkly stained,

Dark staining of pith cells, pericvcle and cambium showed that

thev wrre deanarluv Fi11ad with ~ubmanl camam
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DISCUSSION

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

donary callus and meaocotyledonary formation, Sections with
2,4-0 and kinetin showed well differientiated trachqry elements,
Xylem elemrnts were greater than phloem elements, Pericycle

and combium region showed abnormal growth, Increase in concen-
tration of 2,4-D from 2-4,0 mg/1 in the medium resulted in

the formation of conducting strands, These strands were similar
to the well developed trachpry mlementas of root and mesocotyle
portion, A-ddition of hormones initiated callogenenis due to

which elongated and irreqular cells and round cells were formed

Thease cells were tightly packed, without intercellular snmaces and
full of cytoplasmic contents, Concentration of NAA 71,0 mg to
4,0 mg/1) in the medium showed callogenesis from cotyledons in
which elongated or cylindrical cells and irreqular cells were
formed, They were darkly stained which showed presence of densge
cytoplasm, These cells were entirely different from the simple

cotyledonary cells,
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PHOTOGRAPHIC ADDENDUM

Photographs showing typical results of;-

i) Growth of seedlings

ii) Regeneration of roots from cotyledon

iii) Induction of callus from cotyledonary explant
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EFFECT OF CRGANIC AND INORGANIC MUTRIENTS
AND HORMONES ON GROWTH AND DEVELOPMENT nNF
TISSUE EXPLANT FROM LOCAL PISTACHI0
CULTIVARS CULTURED IN VITRO

INTRODUCTIOMN

The world population is expanding logrithmically.
It is estimated that & will be 6 billion by the turn
of the century. This would mean expansion in demand for
food which would neceésitute affective utilization of the
methods for increasing the production of food. The quantity
of food can be increased by increasing the yvield per
hectare of the crops. This goal can be achieved by using
better yielding seeds or by increasing inpuls or by

improvement in the cropping patterns.

Agriculture sciences have been gradually developed
to cope with such problems, the traditional means are
replaced by more solisticated techniques which can be more
promising and fruitful, Plant tissue culture technolopy
is one such tool which can be used for studying the basic
and applied problems of food producing crops. This
technology holds out the pPromise of high vielding hybrids
and disease resistant strains which can result in the
rapid propagation of plants. Thus it will ensure an

increase in the production of such commodities.



The underlying principles involved in plant tissue
culture are very simple. Firstlb 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 Lo provide that plant part with
an appropriate environment in which it can express its
internsic or induced potential. The culture environment
includeg the physical conditions (temperature, humidi ty,
light intensity and photoperiod etc.), and chemical
composition of the medium - which is o mixture of organic
and inorganic components taken in specific miecro 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 composition of the culture medium
is of primary importance. So it is concluded that success with
the plant and organ cultures can be achieved by the use of
suitable nutrient media by providing necessary chemicals in
appropriate combinations and Tforms. A lot of work has been

done to formulate variety of media suitable for diflflerent plunts.



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 miyturos. These mixtures contain
varying quantitioes of macrnhutrionts (N, Mg, P, K, Ca and
Cl) and certain micronutriunﬁ§ including traces of Cu, Zn
Mn, Fe, B and Mo. These salt mixtures are named after
the scientists name who have formulated that salt mixture
such as MS medium by T, Murashige and F. Skoog (1962).
Whites medium by P.R. White (1963) and pM Medium by

J. Reynolds and T. Murashipe (1979), ctc.

Organic Compounds:

The critical category of organic compounds includes,
carbohydrates, hormonal substances and vitamins. Benefits
can often be oltainad From supplements of amino acids
and/or amides, certain purines and/or pyrimidines, hexitoles
and organic acids. 2 - 3 % sucorse is the most extensively
employed carbon source. Higher concentrations 5 - 12 9
may also be advantageous for some species or for some
pPlants (Hildbrandt and Riker, 19563; Nickell and

Maretzki, 1970).

%



Auxins and Cytokinins are the growth regulators. Auxins
are the root promoting and the cyvtokinins are shoot promo:ing
hormones. Different plant parts response to different
combination and concentrations of these harmones have to be
traced out for organogencuis/ regenration studies. They are
effective in very low concentrations as according to Huang and
Murashige (1976) i.e. auxin concentration should not exceed the
range of 0.1 - 10 mg/L whereas the concentration of cyvtokinins
can range from 0.03 - 30 mg/L. The only vitamin which has
shown consistent importance in plant tissue culture is
thiamine-HCl (vitamin Bl) whereas nicotinic acid (niacin) and

pycidoxin-HC1 (vitamin - BG) 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 ete. yet there is a large number of species which are left
neglected, though they nced tissue culture application due

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

them. It is a woody plant therefore its tissue cul ture 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 countries of the world including Pakistan.



One of the reasons is that, most ol the resecarch 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 lagt three decades, there has been a growing v
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 Lhe production of
medicinal and enzymatically important substances. In fact 2rop
improvement is the most vital and rewvarding 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 work for the plant species endangered or 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.

L

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, aflatoxin contamination ianroprjnte male to female

Plant ratio& delayed expression of sox. Pistachio is either



propagated by seeds or by budding. But there are problems
related to the formaticn of satislactory bud union. Seed
germination is faced by two major draw backs; first is the

miale to female ratio and the sccond one is the ffenetic 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 vears of plantation,
which is very uneconomical. Pistachio nut trees are also prone

to drought and fungal attacks. Drought could be fatal and
pPathogenic attack could result in contamination of the nuts with
alflatoxin. Due to these problems it will be useful to undertake
a study for designing a model for hastening the regenerative

process of Pistachio nut in Pakistan as well as in other

countries. Because of the successflul 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 mostly at the experimental
stage more research is required to adapt it to large scale for
industrial use (Ronga & D-urzan 1982). The first report of
organogenesis in tree tissue cultlurce wis mivde by Gautheret (1940).
Im vitro shoot regeneration of fruit bearing trees such as

Quandong and Plum bush (Santalum lenceolatum) have been reported

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



(Rﬁo & Bapat 1978) that the establishment of successfuil
procedures for deriving a large number of plants through the
regeneration of shecot buds in culture of hypocotyl segments.

Santalam album also showed a high potential for the regeneration

of multip.e shoot buds on a basal medium supplemented with

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

It is also reported that tissue culture technology has been
employed to major fruit and nut crops, which are vegetatively

provagatable in vitro as listed below:

Aclinidia chenensis Hurada (1975)

Anaas comosus L. Merru. Pannetier & Lonand (19786)

Carica papava L Yie & Liaw (1977

Citrus sp. Chaturvedi & Mitra (1974)

Coffea arbica L. Sondahl & Sharp (1977)

Malus sylveslsis Mill dones et al., (1977)
Fragaria cheloensis Duchesne Boxus et al., (1977)
Diospyros kaki I,.1, Yokoyama and Takeuchi (1976)
Corylus aucllama I,. Radojevic et al., (1975)

Due to highly hezterozygous nature of pistachio trees and to the
difficulties encountered with the rooting of shoot cuttings,
commercial cultivars are propagated by comparatively slow and
expensive methods of grafting or huding sgion on to the scedling's
root stock (Joley, 1969;: Whitehouse, 1957, Optiz, 1975, 1976,

Maggs, 1982), As mentioned before drawback to this method is the



failuM@ to the formation of satisfactory bud union. Therefore
the development of rapid means of clonal propagcation 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 butaric acid is suitable
for the rooting of soft wood shoots of pistachio. Bargh#hi &
Alderson (1983#985) both formulated nutrient media for clonal
propagation of pistachio usihg explants of different age. In
1983 they reported propagation through scedling 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 Murashige (1977) will be
helpful to identify the parameters that require systematic
evaluation to develop a tissue culture procedure for the

propagation of Pistachio.



AIMS AND OBJECTS:

1)

2)

Main object of the study is to develop a procedure for
the clonal propagation of healthy desired Pistachio

cultivars.

It is aiméd to apply tissue culture technology to
achieve the object. For this purpose chemical
formulation of culture media suitable for the growth
and development of stevlhgexplant from local

nistachio cultivars will be explored.



PLAN OF WORK:

Studies will be carried out to formulate chemical
compositions of macro nutrients, micro nutrient?)organic
supplements and hdrmones for ‘a medium suitable for the growth
and maintenance of tissue explant from local pistachio cultivars.,
Best possible changes will be incorporated to improve the medium

composition. Plan of work will be divided into two stages:-

STAGE 1:

Effect of Physical and Chemical Factors on Callogenesis:

Determination of chemical nutrients, their composition and

concentrations suitable for callogenecis in pistachio explant.

I 2: 1In order to select disinfectant and to maintain conditions
for seced steri]izution}dirrorent sterilizing agents will be
tried. Calcium and sodium hypochlorvite, %ydrogen peroxide,
silver nitratemercuric chloride or certain antibiotiecs
will be indi. idually employed. Determination of proper
Sterilizing agent, its effective concentration and soaking
time period leading to aseptic permiration of seeds will

provide the subject material,

I b: Determination of Callogenesis inducing factors:

StErﬂxlexplant material from aseptically germinated
seedlings will be cultured on media for the induction of

callogenesis. Different coucentrations and combinations of

iy
L" _ .
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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 specjf;ed in

materials and methods.

STAGE 11:

Effect of Physical and Chemical Factors on Organogenesis:

Trails will be made for selection of 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.

I1 a: Determination of harmonal quantities and their combination
as well as medium formulation for Thizogenesis will be
tried.

IT b: A parallel procedure will be adapted for shoot initiation.

I1 c: Portions of callus will he subjected to medium without

hormones for embryo formation.
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MATERIALS AND METHOLS

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 (1981) will be followed.

Culture Technique:

Stationary culture technique will be applied
throughout the study, occassionally paper bridge

technique will also be tried.

Ingredients of Media:

Medium ingredients will include:-
a) Salt mixture - MS, SIH, BS’ RM ete. and their

modilications.

b) Organic Compounds: Carbohydrates, vitamins, amino-
acids and harmonal substances such as auxins and

cytokinins.

c) Complex natural preparations such as coconut milk

orange juice, tomato juice, ctc.

O



Preparation of semi-solid Culture Media:

a) Tissue culture media will be prepared by the standard
methods as formulated and discribed by variqus workers
such as Murashige & Skoog (1962); GumbargaEiQGS);
Schenk & Hildbrandt (1972) and Reynolds & Murashige

(1979).

b) General instructions provided by Iuang & Murashige
(1976) for the preparation of major constituents
including macro and micro nutrienté,organic and
natural supplements ol plant tissue culture media

will be followed.

Selection of Culture Media:

Typically in attempting to establish a new species
in vitro culture a screening system is used. Ixplants
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 culturai 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 culture media will be
tried to formulate the best chemical composition of

media for pistachio explant in culture.



Faclilities avallanle

1e Strile incubation chamber

2. pH mcter

3. Incubation rooma,

L, Molsture determination balance

5. Shakers

6. Spectrophoto meter

7. Microtome

8. Autoclave

9. Microscopes (disecting, research compound)

All other equipments in the tissue culture laboratory in Food

Technology and Fermentation Division, PCSIR Laboratories, Lehore
and Department of chemlstry, pPunjab uUniverslty will be available to

use according to the requirement of the research work.
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The global human population is continously expanding,
and as a result concern is now teing expressed in various
yuarters about the finlite number of people world egricul-

ture can support.

Plants enjoy thelr unique position as primary producers
in all food chains, and as the only renewable energy source
avallable to animals. The tropping of light energy from the
sun and the producticn of organic molecules through photo
synthesis, provides the basis af not only all food on earth,
but also all iife on earth. plants directly supply 90 % of
human calorie intake and 80 % of the protein intake, the
remginder being derived from gnimal products although these
animals have ultimately derived thelr nutrition from nlants.

The vast majority of thds fucd, 90 %, is prodaced on land.

ian has so tar used approximately three thousand plant
species as food, and arcund 20 crop species furnish majority

of the protein and calories requirements these days,

Conventional types of plant breeding have had remark-
able success this century in tmproving the yield and
nuality traits of a wide range of plants.  pbout half of
the increases in yields can be attributed to positive

breeding and selection of lines that nre resistant to
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pests and diseases and that are also tolerant to many
stressful enviranmentgl conditions. The remasinder 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 limitastions of its
own, The time taken to produce and test the plant
varieties 1s an important limitiny consideration and the
germination through seeds is also prone to geretic

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 XEEEE‘ Which has resulted in the emergence of cell

suspension culture technique.

Cell culture technique was first reported by Muirz,
who found that callus fragmenté when transferred to a
liquid medium and agitated on a3 ghaker, gave a cellular
suspension that could be propagated by sub-culturn,
Ploneering works in the field ot cell suspension culture

have been reported by scientists like streetj, steward“,

Lamports, Gamborge, Miller'7 etc.
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Cell culture technigque has provided insights into
many areas including totipotency, differentiztion, cell
division, cell nutrition, metabolism, radio-biology, and
cell preservation. Production of haploid plants and the
induction of somatic hybridization are the great
bene fits that have been derived out of the recent
developmerts in cell culture technigue. sgimilarly cell
culture technigue 1s 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. n
large number of plants can be produced froi a given amount
of explant material within a short period ( f time when
adventitious shoots or embryos are inducec in cell
suspension cultures. If a large proporticr of the cultured
cell population is made up of totipotent cclls of cell

clusters, extremely high number (105

- 1Ub) of plants can
be produced from a few 100 ml cultures within a single

culture generation1.

During incubation the amount of cel material increasses;
this increase occurs only for g limited t e and the culture
reaches a point of maximum yield of cell r.gs. The cell

culture is then subcultured, and then in : subsequent gnd
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similar incubation period it goes through s similar pattern
of growth and yield a similar amount of cell material. Thus
the culture can be continously propegated by successive
batch cultures of appropriste duration and the number of

8
stock cultures increassed at reqular intervals .

It has been demonstrated on both the laboratory and
commerclael scales that the mass propagation of ornamental
specles such as 11ly and vegetables liké celery and
carrot is possible in liquid culture. Clonal propagation
cepabllity has been demonstrated for some woody plants like
coconut, oil palm and date palm etc. Mass production of
elite adult ﬁrees is expected to produce dramatic improve-

ments in forest productivity.

Agro chemistry has deweloped steadily over the years.
Rs & result scientists have now been able to have a 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, iroun, zinc, mangnese, molybedinum,

cobalt, sodium and chlorine. Thege elements perform



important function in the plents. Some have importont
réle in osmovic phenomena, some are fundamental
constituents of metabolic products and others may act
catelytically in the regulation of various 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 EF the constituent
of proteins, which form major part of protoplasma. It
1s received from the soil through nitrate, nitrite and
ammonium salts. Phosphorous is teken up by the plant a

h3-' HZPUb and HPUQZ-. It is an essentisl

ions of PO
part of nucleo-proteins. It is also necessary for the
formation of nucleic acids and lecithin. It plays
important role in tranéormatiun of carbohydrates and
respiration. Potassium is believed to be related to the
formation uf starch and sugar. It 1is essential for the
enzymatic hydrolysis of starch. Potgssium helps iron

in chlorophyll formation. Calcium enters into the
constitution of cell wall, especially middle lamella,

in the form of celci.m pectate. It requlates the up take

of other lons from the soil. Ions of calcium antagonize

the sbsorption of potassium ions by roots. Magnesium is



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 reactlons. Sulphur is tuken up by the plant in

the form of 50;- end it enters into the chemicel composition

of proteins.

The micronutrients required are Fe, 80, Cu, Zn, Mn
and Mo; Iron is necessary for chlorophyll formation as it
may be acting as 8 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.
Boran 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 eésential
for nitrogen metabolism, nitrogen fixation, and far the

production of ascorbic acid.

On the basis of these and other informatiuns, various
research workers have formulated different mediums, with
appropriate combinations of inorganic and organic compounds,

for iﬂ vitro growth of cell cultures. These include

11

Murashige and Skoog's medium ', yhite's mediumg, Gamborg's

6
mediumn~, schenk end Hildebrandt's medium10, Anderson's

medium12, Reynold and Murashige's medium13 etc.



The composition of the culture medium is an important
factur in the successful establishment of a cell culture.
The nutritional requirements of plants varies nct only
from plant to plant, but even 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 medis
and by providing necessary chemicals in appropriate

combination end ferms. The ingredients of various plant

culture medias may be convenlently categorised as follows: -

MACRO NUTRIENTS:

Sulphates, chlorides, nitrites and phosphates of N,

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

MICRO NUTRIENTS:

Micro molar concentrations of micronutrients are
furnished by sulphetes of ni, Fe, Na, Mn, zn, Cu, Be and
Ti, and chlorides of Ni, Co, Al and Fe, lodide of K wnd
tartarate of Fe also provide the micromolar concentration

of K and Fe.

CARBOHYDHATEG:

Carbohydrates most commonly used are sucrose and
D-glucose. Qther carbohydrates that may be wused include

O-fructose, Lactose, Maltose, Galactase and Starch.



VITAMINS:

Thiamine-HC1l is the most commonly used vitamin. QOther
vitamins that have been reported to have been used are
nicotinic acid (niacin), pyridoxine (vitmmin 86). P-amino-
benzoic acid'(PABA; vitamin Bx)' ascorbic acid (vitamin ()
biotin (vitemin H), choline chloride, cyanocobalamin
(vitemin 812), folic acid (vitamin BC), calcium pantqthenate,

and riboflavin (vitamin 82).

AMIND ACIDS AND AMIDES:

Most extensively used amino acid is glycine (amino
acetic acid). Cesein hydrolysate and casamino acids are
also extensively used. Other amino acids and amides
commonly used are L-sspartic acid, L-asparagine, L-glutamic

ecid, L-glutenine, L-arginine and L-methionine.

COMPLEX MATURAL SUBSTANCES:

some of the commonly used complex natural aubstances sre
banana pulp, coconut endosperm, fish emulsion, malt extract,
orange julce, protein hydrolysates, tonato Juice, and yeast

extract.

PLANT GROWTH REGULATORS:

Auxins, cytokinins, gibberellines and morphacting

constitute the mejor groups of plant growth reguletors.



Auxins play their role in root promotion. Commonly
used suxins sre 2,4-dichloro phenoxyacetic acid (2,4-D),
Indole -3-gcetic acid (Inn), ol-nmpthalene acetic acid
(NAR), Indole -3-butyric acid (IBa), 2,4,5-trichloro-
phenoxy ecetic acid (2,4,5-T), p-chloro-phenoxy acetic

acid (4-CPA), Indole -3-valaric scid (Ivp) etec.

Cytokining find their role in shoot promotion and
commonly used cytokinins are benzyl adeninre, diphenyl
urea, kinetin, zeatin, Ipp, etc. Morphaecting are used
as the stimulant for lateral bud growth. Similarly

gibberallinencs are used to promote flowering.

It may therefore, be concluded that the cells

originating from the plant kingdom may be grown in vitro

in the mediums consisting of sppropriate combination and
concentrations or the organic and inorganic compounds

mentioned above.

AN lmportant element in scientific progress s the
development of new techninues which either enable more
critical experiments to be undertsken or which render
certain problems accessihle to experimentsl study for
the first time. C(ell cul ture technigque must tterefore
be evelusted in temns of the scientific progress it has made

or wlll meke possible in the Future. Cell culture technigue
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which was initiaslly employed for the propagation of
herbaclous plents has open many fecets of cell-bio-
chemistry, bliochemical genetics and plant breeding

from both fundemental and practicel stand points.

Some of the herbacious plants that have been

successfully propagated by cell culture technique

include: -
14
Lycopersicum esculentum Nover et al.,

. 15
Cathersnthug raseus falley Eﬁ.El"
Rice Zhou et Elj?

17
sugar-c ane Kaomer et El"
18
Red clover philips et al.,
, 19
Alfalfa Stuart et al.,
20
Solanum melongena Gleddie et al.,
21
Solanum lycopersicoides Handley et al.,

In recent years, methods of cell culture that provide
rapid vegetastive propagation of herbacious plants have been
applied successfully tu wuody species. Initially these
mrethods met with little success with trees, and upto five
vears ago the majority of reports on such propagation Eﬂ
vitro revesled only low or sporadic production of woody

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



that the cell culture technigue may be effectively employed
on woody plants, as they have to face more problems as
compared to the herbscious plants. They have a longer life
cycle, which means a longer regeneration time, and as 1
result mutation and adaptation rate is vary slow. Thus if

a degenerstive evolutionary trait becomes dominant, then
it becomes very difficult to protect that plant specie
agalnst degeneration. Some other problems which sgre
encountered by woody plants include very late determination
of sex, improper means of propagation, sterility etc. gut
the recent progress has bevn excellent and already the
success of 12 XEEEE propagation with adult trees is bringing
imiortant practical benefits and so the future of propagatio
in vitro as an inveluable aid to the cropping of trees appen

to be assured.

The woody species that have been successfully propagat:

in recent years include.

Phellodendron amurensis Yamada et al??
23

Pseudotsuga menziesii kirby

24
Cltrus sp. Ben-Hayyim et all,
Pinus contorta mebb25
Musa "AEB" c/v Gaba Cronsver et al??
and Pelipita -



27
pPimpinellms anisum (., Ernst et 3l.,
populus tremuloldes Noh, Eun woon'_g_ﬁl.?g

It will therefore be useful to underteke @ study
for designing » madel for hastening the regenerative

process of a woody plant such as Pistacia vers.

Pistacian vera is an inhabitant of Baluchistan, and is

an important cash crop. Cultivators sre 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, and the long time B-15 years often

required for an orchad to come intu commercial production.

As the wcrk on the propagation pf pistacia vers through

tissue culture, is at present being undertaken in the

tissue culture laborstory of P.C.S.I.R. Leaboratories, and
some studies un regeneration through cellus cultures has
been successful, thus the aim of the present study is to

develop a procedure and formulation of medium for in vitro

growth and development of pistacia vera through cell

suspension cdlture.

l C‘,\ Q{;



1.

"AIMSG AND NBJECTIVES®

Main object of the study is to develaop a procedure
for the clonal propagation of healthy desired

pistachio cultivers.

It is aimed to apply cell culture technique to

achieve this object.



PLAN OF WORK

Gtudies will be carried out to formulate chemical
compositions of macro nutrients, micro nutrients,
organic supplements and hormones for a medium suitable
For the yrowth and maintenance of crlls derived throungh
callus as obtained frum tissuwe explant from local
Pistachio cultivars. Best possible changes will be

incorporated to improve the medium cumposition.

The plan of work is divided into three stages.

STAGE NO. 1

INDUCTION OF CALLOGENESIS

Explent meterial will be cultured on media for the
induction of callogenesis. pifferent salt mixtures and
concentration and combinations of cytokinins and guxins
will be tried to initiate callus Formatiun. gSome of the
complex natural supplements which are supposed to he

helpful in callus initistion will also be tried.

Since major work is related with cell culture snyg
a highly friable callus is desired, so special studies

will be undertaken for not only the initiation but also

i
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for an 1ndﬁction of a high deyree of friahility in the
callus. The callus obteined in this way may subsequently

produce a hich degree of friability in the suspension.

Guidsnce will be sought from the work dane hy

11

Gamborg6 y Murashige and Skoog etc.

STNGE NO. II

WINITIATION 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 MNo. II will comprise of the

following studies.

I (&) DETERMINATION OF MEDIN

Different medium formulations for gnh effective
Increase of biomass will be tried. Determination of
Quantitivs of ygrowth regulators anu their combinntions

will form as integral part of the study.


http:bioma.9s

II (b) DETERMINATION OF MEDIA CONDITIONS

opeclal considerations will be given to the studies
leading ts appropriate selection of pH, light, humidity and
temperature. as pH plays a very importsnt role in
suspension culture, so as to stabilize the nH different
substances like gDTa, nitrogen, calcium dihydrogen
orthophosphate, calcium phosphate and calcium carbonate

will be tried.

IT (c) INDUCTION UF FRIABILITY

As it is desired to have a suspension culture
consisting of ﬁigh degree of friagbility, so certain
factors like, wall degreding enzymes and increasing the
auxin and dedreasing the cytokinin concentrations will
be tried. Guidance will be snought fram the work of
Reinert and mhitezg, Koji Nomura and ntsushi HomamiHEBU,

Venke tes uaranj1, Yyalter Tuleckeuo etc.

STAGE NO. III

INDUCTINN OF EMODRYDGENESIS AND ORGANOGENESIS

Once the biomass of required density has been
obtained, steps would be tasken to induce organogenesis
and embryigenesis. The work of stage: Mo. II1I will be

divided as such.



IIT (a) INDUCTION OF RHIZUGENESIS

Determination of hormonal quantity and their
combinagtion and medium formulatiors for the induction

of rhizogenesis,

IIT (b) INDUCTION OF CAULDGENESIS

Determination of hormonal quantity and their
combination and medium formulstions for the induction

of caulogenesis,

IIT (c) INDUCTION OF EMBRYOGENESIS

Determination of hormonal quantity and their
combination and medium formulations for the induction

of embryogenesis.

work done by Heinerth1, Butenk032, Steward

and MapesJJ, Fujimura, T. and p. HumamineBu, streetJS,

Ludmig36 etc. will provide the required guidance.

(")
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MATERIALS AND METHODS

Seeds of local pistachio cultivars will be used

gs the source of subject material.

CULTURE TECHNIQUE

Stationary culture technique will be applied
throughout the study for obtaining csllogenesis.

Filter paper bridge may also be applied.

INGREDIENTS OF MEDIA

As stated acove 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 besgt
chemical composition of media for pistachig explant
in beth tissue and cell culture. The ingredients

of the medium will be as following,-

a) SALT MIXTURES

Salt mixtures of Mg, B85, SH, RM or wpM

and thelr modifications.



b)

c)

ORGANIC COMPOUNDS

Carbohydrates, vitaming, amino acids
and hormongl subatances such as auxins

and cytokinins.

NATURAL PRODULCTS

Complex natural preperations szuch as
coconut milk, orange Jjulce, tomato juice,
malt extract or yeast extract will be
used if any need arises to madify the

mediun composition,

L. PREPARATION OF CULTURE MEDIA

a)

b)

Tissue culture media will be prepared by
the standard methods as formulated and
described by Gamborg and Shyluk37, and

TasakiBu.

Cell culture media will be prepared by
the standard methods as formulated and

described by various workers such as

Gamborg and 5kyluk3', Tasakijb and

Huang and Muraahige39.



5. QUANTITATIVE ESTIMATION

(juantitative estimation of cell suspension
culture will be undertaken by any one of the
FolluQing methods.

a) petermination of mitoutic index.

b) Estimation through cell counting.

All the equipments available in tissue culture
laboratory ovrr here in PCSIR Laboratories and iF
requizred, the equipments in punjab University will be

utilized.

P S
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CLONAL PROPAGATION OF PISTACHIO TIROUGH
TISSUE CULTURE

Pistachio nut is a deciduous diocious medium sized
tree crop. It belongs to family Anacardaceae. Pistachio
nut requives long warm days summers for good cultivation
and enough cold winters to break their dormancy. The
pistachio tolevates well drained saline soils., Prolonged
summer rains and high humidity at or near harvest time
arc determental to quality nulb production, In Pakistan
its cultivation is restricted to cold dry regions of
Baluchistan i.c. Quetta and Kallat, Skardu in Azad Jiunmu

and Kashmir and Dera Igmail Khan in N.W. . P, (Baluch 1979).

Pistachio is represented in the world by 10 specics,

among Lthem 4 are present in Pakistan (Nasire 1983)

1. Pistacia chinensis
2. Pookhingjilk

d. Poonttantlen

1. D.overs

the last one is odible.,

Traditionally Pislacia is propagaled both sexually
by means ol seedling and asexually by budding oy pralting
(Khan 1981). Due to extremely heterogencous nature of

Pistacia usually ascxual propapgation is nreferred.  ‘The
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later one is also adapted to maintain the pgood quality
plants. So far establishment ol new orchiwd on industrial
basis has failed to develeop at national or international

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

problems,

1. Lack of suitable pollinntors.

2. The Tong time often required for an orchard
to come into commercial production (8 to 15
years).

3. “Inadequate nursery stocls.

4, Faiture to develop uniform high producing
orchards.

5. Erratic production - "alternate bearing"

I'm Pikistan following short comings are
encountared: -

Mostly trees are derived [rom wild stands, lhénce

1. Fruit yield is low.

2. Kernel size is smaller than desirvable.

3. Often nuts arce scedloess,

4, Tolerance ol trees Lo soil and environmental

stressess resistance is low, and disceases

due to microbes, as woll as, posls.

5. Ratio of male to female planls is 10 - 12 : 1



A1l the above cited problems can be solved with
the help of tissue culture techniques. Tissue cul ture
technology has been developed in many fields after
nineteen Tiftees. Now it is a powerful agricul tural
tool which enables the plants to combat against depgenerative

genetic anrd ceological troends.

The tevm tiscsue culture is a peneral term which
covers the cultivation of plant parts whether an organ,
a group of cells, a single cecll, or even the protoplast
wizhin a defined environment. Accovding to '"the cell
theory" prescnted by Schwann (1839) individual cells
of a multicellular organism arc capable ol developing
independently il provided with the proper external
conditions. Later on this phenomenon was named Toti-
potency by - Morgan (1901) where cells can form large
and uniform population of cells which can be converted
cn masse Lo rootls, shoots or embryo like structures.
<n the other hand by imposing upon such cells the conditions
to which they are subjected within the mevistem of the
intact plants and thercby converting Lhem to specinlized

cells.

So far plant tissue culture has been proven to

be a:strong biotechnical tool to improve means of



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 ol plants categorised on the basis of human intﬁest

and tissue culture practice.

1. Agriculture
2. Ornamental
3. Medicinal
4. Forest

Most of the applications of iissuc culture propagation
of woody plants in the past decade have been with horti-
cultural crops. lIpitiation of large scale production of
apple and peach (Abbott & Whitely 197G6)root stocks_iﬂ vitro
was major tissue culture methods applied to woody horti-

cultural crops.

During the suame period meristem tip culture tcechniques

were developed for a number of woody fruit bearing plants.

N
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Prunus (Boxus and Quoirin 1974)

Peach (Zuccherelli 1979; Zuccherelli et al 1978)
Cherry (Zimmerman 1980)

PLlum (Jones & Hopegood 1979)

Apple (Loreti & Morini 1982)

Red (Anderson 1980)

lespberry

Black | (Broome & Zimmerman, 1978,

berry Harper 1978)

Walnut (Driver & Kuniyuki 1984)

Im early cightees tissue culture techniques have been
introduced to Pistacia. Al-Barazi and Schwab¢ (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 scedling tissues.
Proliferated shoot cultures established {rom shoot tips and
hodal buds segments excised Trom asepltically germinated
scedling 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 proliferated shoot apices and
nodal buds of P, vera. L. and commercial cultivars of

Ohadi and Kalleghochi adapting the similar procedure as

reported cavlior,



Al-Barazi and Schwabe (1985) investipgated juvenility
effect and genetic differences in relation to rooting by
testing extractable substances obtained from P. vera.
Inhibitory effect were not dotected in extracts of
difficult to root mature pistachio. However, a technique

of shoot/root eraftine resulted adventitious root formation

on cuttings of pistachio.

At present the aim of study is to save the endangered
pistachio plantation ol Paklistan. Therclore, il is desired
to select healthy cultivars of local Pistacia . varifties and
utilize their explant for clonal propapgation through
tissuce culture. The rooting of preoliferated shool tips
and nodal buds of seedling and 2 vears old plants have been

Bma&ck and Aldtrron (1285)
achieved.T On the other hand graftage of shoot and root
has rvesulted only in the formation of adventitious roots.
But there are few draw backs in utilization of scedling and

voung sarpling tissue explant.

L There is least information about the phenotvne

expression of sced borne parent plant.

2) NDiscase resistant varvicety of a high vielding
plant can not be produced untCil plant i
grown up and culture indexing has been

done previously.

[
-



From stand point of Lissue culture of maturc
Pistocin tree oxplant, Zimmerman (1935) has pointed out
the difticulty in culturve cstablishmont ol Pistacio. In
light of Francle(,3(1980) review on "rejuvenation' of
woody plant tissue methods of grafting scion from the
selccted mature trec onto seedling voot stock seems
quite effective. Once the graft is successful and scion
has grown the tip of the new shoot is gmrafted on anoth
seedling. The procedure is repeated untill the scion
exhibits juvenile characteristics and responds like n

juvenile plant when placed in culture.

er
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PLAN OF WORK

Basically the method proposed by Boxus (1974) for
propagation of strawberry will be followed excepl the
rejuvination technique. TFor that the method discovered by

Franclet (1980) will be followed.

The plan of work will be divided into Iive phasces.

FIRST PHASE

Sterilization of explant and culture of sclected

plant tip meristem.

SECOMD_PHASE

In vitro mass propagation of shoots.

THIRD PHASE

Grafting of propagules scions to scedling root

stocks and rejuvinatbon test,

FOURTH PHASE

Rooting of propagules.

F :
FITIl PHASE

Hardening of the plantlets.

|2 B
L



STERILIZATION OF EXPLANT AND CULTURE O T1P MERISTEMS

Apical or auxillavy buds of orthotropic and
plageotropic branches of field grown selectod

Pistacia cultivar will be the explant.

The treatment with different concentrations of
disinfactants such ans commercial bleach sodium or
calcium hypochlorite, hydrogen per oxide, silver
nitrate, or mercuric chloride will be given for

explant sterilization.

IN VITRO MASS PROPAGATION OF SHOOTS

Contamination free explant will be transferred
to the media containing one or more than once hormones
suitable lor shoot proliferation. Diallelic
experiments (Anderson, 1980) will be followed while

trving hormones in combination.

The environmental conditions such as temperature,
intensily of light and photo period suitable for

opltimum growth will also bhe determined.

GRAFTING AND REJUVINATION TRST

i) Scion from in vitrvo prolilerated shoots will be
grafted on seedling root stock. Graftage will
also be in vitro,

-2
o



ii) Successfully grafted shoots will 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 coniirms rejuvination, otherwise
the process is recycloed i.e. scions (ii)
are again grafted to fresh seedling root
stocks, unless mature plant tissue
rejuvinates.

Rejuvination of mature plant tissue
will be determincd by the number of shoot

graftage and proliferation cycles.

ROOTING OF PROPAGULES

End product of C will be subjected to media
containing one ov more auxin in combination for
rooting. The parameters will be same as described

in B.

HARDENING OF PLANTLETS

Plantlets obtained from D will be provided with
suitable environmental conditions such as light,
temperature and humidity prior to transfer them in the

field.
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MATERIALS AND METHODS

MATERIAL:

Subjcct material will be seeds and buds of mature

Pigtachio cultivars.

METHOD:

1.

w

ASEPTIC SEED GERMINATION

Method adapted by Barghcehi and Alderson (1983)
will be tricd.  Any modification sui table for aseptic

growth ol healthy aseptic seedling will also be made.

SHOOT MULTIDPLICATION METHOD AND MATNTENANCE OF
STOCK EXPLANT

Basically methods of Baragheid and Aldcerson (1985)
will be-followed for mature plant shoot tips, nodal
buds or scedling shoots. 1[I necessary modilications

will also be adapted in due course.

GRAFTING TECHNIQUL

The technique of Optiz (1975, 77) and Navarro,
Roistacher and Murashige (1975) described for

pistachio graftage will be practiced.



4. ROOTING OF SHOOT TIPS

For rejuvenated shoot tips method of Barghci

and Alderson (1983, 85) will be followed.

) ?;) &
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