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REGENERATION THROUGH TISSUE CULTURE 

Studies to determine the in vitro requirements of 

cotyledonary explancs to enhance callus proliferation remained 

in progruss. Research conducted on tobacco callus cultures 

sungeots that the osmolarity of the medium plays an important 

role in the induction of morphogenesis. Csmolarity of the 

medium effects either by itself or through induced changes in 

the cells of explants. Therefore it was desired to study the 

effects of various concentraitions and combinations of different 

sugars (sucrose, glucose, fructose and galactose) on growth of
 

callus from cotyledonary explants of pistacia vera culture in 

vitro. larinitol was added with sucrose to provide a constant 

molar equivalent of 30g/1 sucrose. 

Experiment was as follows:.
 

After removing the shells, seeds were divided into many groups 

each group cunsisted of four seedns having weights varying from 

+ 0.0100 gmn to 0.0500 gins only. Average wiright of any particular 

group represented the mean intial fresh weight of the, group. In 

the same way average of the finanl fresh weights of the explants 

repr'sented the mean final fresh weo~ht and the difference of the 

two gave the. gin In thi weight of explant which is considered 

due to the the callus formaition anrid one can consider it as weight of 

callus produced. For each experiment one group of -snpds was 

cultured on the medium containing a particular sugar ccncntration. 
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MS medium was emplujed throughout the study and all media were 

supplied with 2.0 mg/1 of 1 in. in combination with 0.1, 1.0 or 

2.0 mg/i of 2, 4 -D. Two types of experiments were conducted. 

In one case sugars were ubed individually at various cnncrFntrntlons
 

and in second case combinations of different sugars was added to 

the culture mediun. Galactose (2f and 30 gm/l)or Glucose (20 and 

30 gn/l) or sucrose was employed at a rate of 0, 5, 10, 20 and 

30 gm/i in the first case. Idhere as, in the second type of experi­

ment an alcohol sugar Mannitol (15.3, 13.3, 10.6, 5.3, 0 gm/1) 

was added to the medium in combinatirn with various amounts of 

sucrose (0, 5, 10, 20, 30 gm/1) to kr[ p the molar uquivalent of 

the medium in approxim3tely with the sucrose content of the medium 

i.e. 30 gm/i. Another exprriment was denn where a combination 

of glucose and fructose was supplied in the medium. In this case 

2.5, 5, 10 and 15 gm/l of glucose ,is added to the meditim in combi­

nation with the same quantities of fructose. il1 explants were 

grown on the paper brideqs in test tubes, which were mintained at 

26 ± 1luC 'under a photoperiod of lfh light provided by cool white 

flourescent lights. After 4 weeks in-cubation the fresh weight of 

the explants for eich one of the media tested w;is measured which 

provided the mean final fresh weight. 

RESULTS
 

Effent of Sucrose Concentration: 

The presence of sucrose wan not nec.sary to achieve cell 

prollferation (Fig.1) as callus fnrmationwas observed in sugar free 
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media also. Effect or sucrose cvtcentr-tion w-is deppndent 

on the relative auxin/cytokinin ritio in the neutrient media. 

Maximum orowth oa callus wis achl'iel in the medium cnitaininq a 

bhli;ced rntion of grwoth runulator. prnwth of c111.s -J.-5 731.3 

dependent tin thp amount or sucrose prernpnt in the medig, as the 

rate of growth increased with the inCre-ise In the amount of' sucrose 

present in the mndi um. I. eist nrowth waq recorded in explnts 

cultured on media containing 5% sucrose. Tfermination of growth 

and begindirgnF:-hrowniog of explants qaO noticed earlier in 

sucrose lte.ss cultures. 

These results Indicated thait pr-s.nce of sucrose was not 

nuc sq-iry for the induction of cal1ius initiation os pistachio cotyledons 

h:is got enought sugars stored In it, which tiot only provile 2nergy 

for growth hut also adds to the mwrvernnt of growth rerrulators from 

the medium to the tissue explnnt ilon 0 with water. The osmolarity 

or the medium due to the sucrose contents of the meditm ilso 

inFlupnced the vnilability of the qrnwth regulators. rPOults also 

that 
indirite/uee of sucrose by the cultured cells .lso depend en the 

concentrition of 2, 4-D in the mediLm. .ow level o ', 1-D (0. 1mK /1) 

in the medium prevented the cultur;s frm utilization of sucrose 

pruvided to It while higher concentration of 2. 4-D(2.n mg/i)increased 

the availubillty of sucrose yielding a better culture growth. 

Effect of Manniitol Supplements: 

It was gathered from previous experiment carried out with 

varinus concentrations of sucrose provided difforent w,,ater potentials 



in the medium which ultimately influenced avdilability of 

growth regulators to the cells. To tpst this possibility, 

cotyledonary explants were also cultured on media cant:Ining 

varying levels of sucrose plus mannitol. Miannitol wan added 

to give a 30 gm/i molar equivalent of sucrose at all levels of 

sucrose (3U, 20, V, 5 3rd 0 gm/i). 

Mannitol was unable to repiace sucrose requirument for 

growth. (Fig 2). Since decre!sinq the concentration of sucrose
 

significantly reduced calli fresh eght. Out the amount of auxin 

abailable affected the growth as in the case or sucrose alone. As 

cotyledonary explants did not sEem to use mannitol as i source of 

carbon nod energy, therefore, from rpsults it wras concluded that 

the osmolerity of the mediim had an import-nt role in the availability of 

growth regulatbrs tr control growth -nd difterentiation. 

Comparative effect of Glucose, lalnctose and Sucrose: 

The effect of other sources of carbon (glucose and nalactose) 

on ind,:ctin and growth of calli was also determined. rrect of 

these sugars ,,nn compared with thait. of sucrose. The re:3ults are 

shown in Fig. 3. pistachio cotyledonary explants used these sugars 

and formed calli. Quiantity of calli Formed due to either of the 
sugz-rs were markedly dirrerent. Glucose as the most effectiv 

sugar. rut callus showed signs of browning rnirlier as compared 

with those calli formed on media supplied ijith sucrose. r;lactose 

was the least effective sugar in t.Prms of rallus initiation and 

its growth. 
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Effect of Glucose plus fructose 

Sucrose was fnund to he the most effective sunar for callus, 

growth. Explant tissue also responded to gILcose actively. Rut 

browning onset much in the clliw-as :irller cultured on glucose 

supplemented medin cumpnired those grown sucrosueas u as u rppliud 

ones. The Importance of sucrose becamns clea r that it is con­

ve,ted in glucose and fructose in first inst-n tnc and then con­

sumed by the plant cells. Fructone being an isomer nf glucose
 

either comptst , 
 wlth thu glucose transport or its isomnlrizatien 

maintains a balance brtwern intake and utilizqition. Thlvrefore 

glucose and fructose were added to the media at a ratio of 

1 1 I.e. 2.5 + 2.5 gm,'l of each frr 5 gm/1 sucrnne, 5 + 5, 

i0 + 10 and 15 + 15 gm/1 of glucose and fructose for 19, 2(1, 30 

gm/1 of sucruse. Qesult5 are Ohown in Fig. 4. Exp i-nts can 

grow well In the preFnce of glucose mad fructose but griwth 1ias 

a little lesser than obtalneul with rcuivlrni amounts of sucrose 

(Fig. 1). Role, of incrc-sing amount of auxin i, evident In 4his 

cane also. 

Correlation between usmUlarity of d effectiveness 
of growth regulators 

Nature and permeability of sunors contributd in -iccens of 

growth regulators into the? tissue:. In Fig 1 , three of- nets 

growth rerjuntora were supplenmerited With sucrnss/qa] actujse nnd 

glucose and Fructose. Each cnt-lined bin. 2 rng/1l :Lmhined with 

0. 1/1.0/2.0 mg/l of 2, 4-D. Fig 23 9 3r, are comparable to each 



other as c liuq rormotion idws sliqhtlV more than 30 g9TI/l giucose 

than with tho same -itount of sutcruse. Althouqh GRS wcr" same 

(2, 4-D 2mrg/1 and Kin 2.0 rq/1) but browning proceeded nctivvly 

with glucose Supplemented media. cillus formation wan quite prominant 

and hil thy ii a bitch supplied with a combination of sucrose 

and mannitol results are shown in Fig. 2. Prsnor? of' mnnitol 

most probibly enhanced thp inward movrmtnt of GRS Fig 2-\, 20 and 

2C Show a rarkedly improved distribution of OqR with the cells 

resulting in a b-lance between sulir consumptiun Ind effectiveness 

oF GfRs. 
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PEJUVINATICN OF MATIJRE P. ver B3Y M1CQCG1FTING 
TECHNIQUE 

In the report for period Oct. 58 - noar. 89, work on 

soedlingo raising their mnlotenancp under culture conditions 

for purricon of microgrrafting wan merntioned. lesides ,ming 

different hormonal conditions, a chriangr in nlucose content 

and growth of sr-dlings on plain arlar, 3ll r,sulted in necrosjis. 

Ther,*nfter, some surasn wajs achieved bV taking into corisidcrn­

tion of physicaI Factors e.g. hurnidity. Seed±ings so obtained 

were later given hardening treatment hrad wrre transfe-rad to soil 

in Grecn-loLuse. The anil1-ir v buds of thene nr'dlinrns weve 

activa ted us ing 11 m/1 P.tp FOr thr purn: an of ni'afting. ictiv-ted 

buds .jere graFted to root-stock hut were a total failLire, 

inainly due to cuntaminatiun i,,frint p!nre. Furtl~lr work on 

seedling rai'ina w-vs discontiLruei al !mil:,r work was undertaken 

under section cn rjutritinnal StdiEs onlp. vera in Green House 

(see pru-.ent report). These sflflings could als;o be ua7mr' as 

runt-strick Fur qrnfting studies. 

Ilature Trle's buds of p.vera trurn Quetth were brought. Th 

fluds err. in dormant otnoe and to activate them, they ,,re 

cultured. previous attempts With minture of p. vEra vegeitive 

buds all faiiled, as buds tot-iv haickcned in cultures, besides 

thr use of following antioxiants. 

1. 	 -1trie told 1"
 

1l
2. l scorbic Acid 

3. Citric acid 0.5", 	+ Ascorbic acid 0.5% 



Therefore, inst.ad of uring Intioxidants, the Inoctilatinn procedure 

was modified an follo.jing 

7Shoots wi th healthy summer durmin t buris wet," sen1(1 ed. il 

the l. ve.q wor removed From sroots ind they were cut into 6 - 11cm 

pleres, from the intprnndn. :fftrr thnrnunohl wishin1 unrerV 

running tip 'jnltr, the huds ilong,,,ith .3 thin strip of burk jz)5 

2xci-ed m1d s urf7ne ; toriizield iwith (1.1", mrrcurlc ch.orlde. After 

giviog 3 - 4 w'shings wi Ji sterill zed din,ti I ler! W1 ter undrr 

L-Iminan Flo.d Cb i.nit , the hLJds wer. holdninr h,! onL -nd Lh 

b Vhzird rvnwn rcrlt: leaves wure rrmovrid rhippino them nfl'f with 

the help oF ri rnzor upto -1 stifge whn lif hL nirren n-ie ves 

with hna1son them were vi sible. nlir: portion was .1lo rut off. 

Threfore, all the pnosibl, extri plint mrtrrile that may contain 

much phenols wmn physical lv removed. At this st.-ge thqes buds were 

inoculrited on r--5 medium. 

Thi,; method produced rl r,. prePn buds nnd no phenols exudation 

was seen into thir culture medium. The birds 1.r0 simultaneously 

provide2d with the followinni hormrnr-, in the culture mcdium­

vinotin 0.25 - 3 iag/1 

UlP 0.25 - 4 mg/l 

AS_55 - 50 mg/l 

ill]. the above hnrmonLo were used sl Iqly. The main objectives of 

above study were 

i) 	 Activition and sprouting of mature tree buds
 

under culture conditions,
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ii) Unfolding and expanoion of enives, 

iii) Shoot proliferation, which will hIP in producing 

axillnry buds for microgrriftinn purpone. 

Activntion and sprouting was ohsirrved in all horrones nd in 

control. lioj,,avor, unrolding of ] onvo and their expbnninn was 

Found nnly in cultures containing hirmonal troratmento. Shoot 

proliferation 'ina found only with Bf3P .ind that only at 1 mg/i 

concentration. Shoot proliferation of culturd buds 

was necessary for obtiining axill-Iry hud.s to be used for in vitro 

grafting.
 

Prese~ntly thu:se buds are subrulturtd un different combinations 

of DAP + AS, OAP + K and 1, + AS (Table ). The purpose is 

either to induce shoot proliferation or the buds may remain active 

for gr-ifting on :1i'sOery plants. 

rjeanwhile, as seedlinns of P. vrra could not he r;ised due 

to nnn-availInbility of seeds, ars mentirned under Section on 

Nutritional ptudies on P. vera. Thl-refore, p. khinjik nr.ds 

were procured nandsown on culture mrerdium (1/2 MS macr-salts + 

1 mg/1 lIAA) to not spedlinris whij h i,,ill serve ns rontstnck for 

in vitro graftino studies. 

p. khinjik sie-'ds were qFrminat,'.,r without any difficulty and 

g9i1 geriiniation was achieved at 22 - 25 °. The rrsotn3tnck so 

obtained will tik already culturod buds from mature tr.,ans of 

p. vera for in vitrn grafting and th- results will be communicated 

in the next report. 
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During Quetta visit for obtvining mature - tree buds
 

(reported above) some work was also done on the following lines. 

A. 	 Recognition of Vegetative/Flornl buds of p., vera while in 
dormant stage. 

The selection of vegetative buds need a lot of care as the 

Floral buds are also present side by side on thi same shoots. The 

floral buds remain on shoots ror the wholui yeir as dormant floral
 

buds and could be misunderstood for veretqtive buds. The difference 

between the flornl and vegetative bud is not in the size,as 

The size varies with the gener), hralth (growth ntage. of the plant 

but in the shape or the bud. In fliral buds the length to dia­

meter r3tio is less as compared. to Jeqgetaqtive bud which are thin and 

pointed at top. 

B. 	 fludoilg of Vegetative bud on Pistachio trees. 

T-buddIng was used with following vnriablrs: 

1. Loose-hand tying with plastic tape. 

2. Tight-hand tying with plastic tape. 

3. Scaling of T-E3u:ding to pruvent oxygen supply. 

4. Open oxygen supply to T-Pudding.
 

,sejective vegetative buds were cut-off with raizor. r utting
 

starts from below the bUd and cuts the stem into the wood under 

the bud, taking the bud thick aiiuugh to be pushed under the 

birk of the root stock wihtout being crumpled, wood wn removed 



Ilnture-Trop budO of p. vrra 

A- VEIIETITIVE LIDS B- FLPRIL PUDS 

Fig 1 
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taking care that no damage 'ias d,.;,e tu the bird. This was easily 

achieved by moving the bark too nod Fro and then pealing it off 

the wcod. petiole was left intact while lpaf pir.na wus removed. 

Petiole facilitate the bud handling during budding process. 

The root stock was prepared by ma'tiny a T-shaped incesion 

through the bark down to the wood. The bark on the upu.r T-end was 

flapped and bud wus pushed under tho root stock bark while holding 

it by the petiole. The upper end of scion bark was cut to be adjusted 

with the upper cut end of the root st: ck hark. 

fud was tightened with plastic strip. Bindinq st-irted below ­

upward, so that the bud should slip and come tc rest with its upper 

end anu tight~ely fixed with the bark of root stock. Sixty to 701% 

success was observed In Nio. 1, 3 and 4 variables, whiltu v-iriable 2 

was erfnctiv: upto 10%;only 

Fig 2. T-Budding on P. ver- pl:jnL (LDOoe hund tying) 



Fiq 3. P. vern bud inoculated on is mpdimn 

(Below sprouting) 
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Fig 4. rI. ver.i bud activatlun and sprouting on 

MS medium containing % sucrose und 



Fil 5. Lr'.-rf Pxfmns.irn -,Id unrolding in culturpd 

P. Vn3ra bud on fMS inredjurn cont-iining 

flucoup -wd 
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I 

J 
1 1 

___1 

21 3 1 
SIXTH WEEF 

4 G'r-E RAL RE I14RIS 

0.23 1 .5 9 OCMCound leaf dry and dead 
ro ch.nce in side buds. 

no Cne comcound leaf unfolded. 
a .cearadbut curled.
callus fOrm2 d in all. 

5 leaflets 

No other chance. 

0.5 

1 

1.5 

1 

1 

1 

.5 

.5 

.5 

5 

3 

E 

INo change. 

No change. 

,ne sprouting. 
Io. other chance. 

9unco of ccmzound 
remain folded. 
Callus formation. 
Njo other chance. 

Callus formed. 

rjo other chance. 

11oscrouting buds 
No oth=r cnane. 

leaves emurced but 

swollen at base. 

2 

2.5 

3 

1 

1 

1 

.5 

.5 

.5 

9 

2 

7 

Third hu[ sroutsd. 
sidr tudt activiated, 
N~o other chanoe. 

Jo chance. 
Callus dark brown. 

o chance. 

Lbaf dead L. Three buds sproutad. =9 unch of comoound
leves amur ed im one bud but remain 
folded. 
NO other change. 

Ccmnounz leaves emurged in one but 
remain folded. 
Three buds sprouted. 

Side buds activated. 

Cound "-eJes enurc=d in one but 
remain folded. 

Three buds scrouted. 
Line bud actiated. 

G 

B 
-

-
Green 
Brown 
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EFFE;T CF ,DENINE SULPHATE ER;TrTI ,%MIL'.R P. 'JER4 2UD3 

Media cont3in sucrose 3c%, gar 0.7%, p 5.7 adjusted with 1CH, 7 RenlicateS in each 

Concentration in mg/1
 

U-'T- & F7FTH JE__AD21 31 L 413 
_ 

S UL P H A T E _ _2 3__ I 3_ qL R E *, .AS2 E %R R 
si5.3 .5 All hz!ItMY o J S -mallinciease in callus. DifferEnt concenrations 

green. lsr chaln.-itiated.IC other chance, of Adenine sulha te only
l l 
1 0 .=5 ' * A, .i 
 n r e se d th e c a l l u s
 

.5 .3 G All healthy and .5 .3 E Small increase :rn callus.
 
green. cllus D=rk brown callus. formation cn tne cut end
ii-tiaed.I 
 NO other change. oh buds. Colour of buds 

2d..5. A' -tn, and 
- llus 

i. 

e.3 Small incre=se2 
D9rk brown c 

othet cnoe, 

in 
us. 

callus. cnqnced 
ou-­
rn. 

frum grsen tc dark 

30 .5 . . th V end .5 _ - ona showed dark r Tn in 3 nc/I 
_ ''-I, 2 r7 d i 3t i n 3061mg/ 

40 .3 ' 

I 

healthyI5 - . -_ 

nr.. ... ...."= ,==s 

' -7 =Cr .... 

. bu ch f 
which do not 

_ urc.nhn 
unfolded. 

50. 
green. :311usini tiatd. 

t! h- Jh andI . . 

-'rkcthr C-wn1uc.chne. 
.linresenqcallus. 

I 

green.allus Drk brown callus. 
initited.7. oother chance. 

- = 'rcwn 
r . nLe 

http:itiated.IC


C.R 3 E73p, VTI E DETJ*!JE SULPHATE 

m=dila cont.ins M, urcse =5,, r, r 2.7, H 5.7 2tjust2d with I, CH 

Gp T 

ZCbinations 

Ad-n-n-a S hulzhat2 _netin

J Sr. o. 

vi ;dnne 

Combinaticns 

L1uhte 

sr. 

BAP 

No. 

+ Finatin 

Combinations 

1 0.25 + 30 1 0.25 + 30 1 4 + .25 

2 0.5 + 30 2 0.5 + 30 2 3 4 .5 

3 1 + 30 3 1 + 33 3 2 + 1 

4 1.5 + 30 4 1.5 + 30 4 1.5 + 1.5 

5 2 + 30 5 2 + 30 5 1 + 2 

6 3 + 30 s 2.5 + 30 G 0.5 2.5 

7 4 + 30 7 3 + 30 7 0. 2- + 3 
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REGENERQTIIN THROUG1H CELL CULTURE 

Techniques to develop cell cultures or P. vera were mentioned 

in period (Oct. 83 - Mar. 89) report. However, the suspension were to 

initiate each time, from freshly initiated callus cultures. Anq the 

browning of p. vera cells in cultures is a general problem. Some work 

was reported in previous report, to lengthen the growth period of non­

grown cellus cells with the help of v:iriOus combinations of growth 

hormonies. A paper with the followjinn title and abstr-ict was submitted 

to P istan journal of Scientific and Industrial Research. 

A STUDY OF THE RELATInNSHIP RETIJEENiRPIJTH REGULATORS
 

AND BROWNING TIME OF PISTICI1 VERA CILLI
 

ABSTRICT
 

Browring time of pistacia vera calli depended on 

concentrations of growth regulators. p. vera calli 

grown on NA (5 mg/l); 2, 14-D (1-5 mg/l) + 21p (1-5 mg/l); 

2, 4-D(2-5 mg/1) + 1in (o.5-? mn/l) remained white/green 

for a time rangin j between 5 - 13 weeks. Thereby permitting 

further callun proliferation and initiation of suspension 

culture.
 

Moreover, due to non-availability of oihital shakers, during the 

period unuer report, cell culture work could not be undertaken. 

In near pant, we received our equipment and apparatus for Tissue 

Culture Project from U5A and the same is teing installed these d:iys 

and therefore, work will be initiated in near future. 
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ANATOMICAL STUDIE5 OF in vitro 

CULTURED P. vera EXPLNr,1T 

In reporting period (flct. 1988 to Mir. 1909) it wis revealed
 

that cotyledo.-ary explint3 cultured on t'ie hormon~o supplrlnented
 

M3 full strength media exhibitdvi1nius degreeo of dedifferentiation 

and redifferentiation Results were bised on nnalysis of cotyledonary 
samples collect dIlt random hormonal concrentrnticn. However 

observitions dere concluded as wound callus, vnculatod c-illus, meriste­

metic zones-, uniseriate undiffereitilted tissue xVlogenecis, shoot 

apex, shoot bud formaLion. In view of' these results it was planned 

to cr-nduct further studies on the effect of induce.d behaviour in 

in vitro cultured cotyledonary explants. 

Experimen tal : 

Seeds of P. vera were nsepticlal 1V cultured and incuhated with 

full strength (17 medium with 9uxin , cytokinin alone or in combinatlon. 

Iormones (cncuntratinns (rag/i) 

(1) IAA 0.5, 1.0, 2.0, 3.0, 1.0, & 5.0 

(2) IDA 0.5, 1.0, 2.[, 3.0, 4.0, & 5.0 

(3) IAA + IBA (4) IAA + Nn1
 

0.5 0.5 0.5 0.5
 

1.0 " 1.0 
" 2.0 "1. 

" 3.0 3.0
 

" 4.0 ,, 41.0 

" 5.0 " 5.0 

In abovr mnntionerl combin-itions concenlrntiLns of I11 was kept 

constant i.e. D.5 (mg/1) but concontriticns of IA, PjA and 2, 4, D 

were varied in between 0.5 - 5.0 (mqn/1) for each combination. The 



seeds were incubated for a total periud of .ight weeks. After 

2,li , or 0 weeks intervals culturm; were removpd from each set. Cotylpdons 

were detnched fr:m the emboyea (whether nerminated -r still darm:int) 

aind preserved in FAA. Procedures of dehydrtion, embedding and dissection 

of cotVlodonar V mass were the ame in repnrted in the ,-Irlier rrports. 

Anitemic-it changes observed in the tis!3ue have been tubu!tod. The 

work is in continuity therefore conclusion will he prr, entud in the 

next report. 

Data of histological -nalysis of mature pistacia vera. Cotyledones 

culturrd on mS medium supplemunted with ripecified growth regulators is 

riven along the tables frem 1 to 20. Tnblc nLmbers 7, 11, 23 and 24 are 

missing duo to explant cont.mina tirn therefore cultures wure roiubated 

with desired growth regulators and definite p'riod prior to the 

observation. 



T!2-LE 1 

G':CTH RECULITCR - iii 0.5 mg/! 

r-cE CF CULTURE - 2 weeks 
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Epidermis +ve 


Hypodermis +ve 


calloganesis 

storage +ve 

parencnvma 

×ylo0genesis
 

Tracheids 


xylem paren-

cnyma 

cndodermis or
 
bundle sheath 

T&ELE 4 

~Gi7H RUL TE9 - IAA 3.0 

AGE :ULTURE - 2 jeeks 

( ) (LI (C c 

- 0.2-C.5quare sape 


He.x5agc2nal to 0.5-0.7 -

TJulars 0.4-O.S x 

0.3-0.5 


Spheroidal in 0.1-0.3 

sha~-2cer 

Tutular to 0.8-1.3 

Ovate 

0.5-2.0 x
Fusiform ­
0.1-0.4 

-rcunt
Spheroidal 0.8-2.0 


Single laver. Anticlinally divided cells.
 

Thin wal! with cytcplasm 

many levers. Periclinal!y divided in 

vertic3! rows, comoact without spaces 
clear nucleus ant dense cy.cplasm.
 

Ner4StematiC cells only cn the epidermal 
wilt spaces. 

Hexsgcnal parenchyma cells transformed 

into elongated to ovate ShapE with anti 
periclinal divisicn, small spaces.
 

Tr-3cneids are in the form cf tuncles. In 
betieen th-e tracneio xylem o:2Fnchvma 
are present, thin wall and hollow inside. 

the tr elements no vascular 
sheath present. 
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:n 
-

of tra-isicis -­ no veisels are 
'!o in the forM, Cf cluster oryine. 'cstly trensform2tiun 

t 2-sC:-)~ +~l+r P nd ;t 
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(3) (L) 

Spheroidal 0.2-0.3 
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us form 
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Tut-ular to1.-0x 

Ovete 

0.3-2.2 

0.7-1.0 

0.5-1.5 

_ 

_y 

1.5-3.0 

0.5-2.0 

Trcheery ele ents rewel dev eoed 
xs .scular,,bundlesc.-ttered surrounded 

endoleri yeer. 

Direct cnange from isrdiametric into 
tutular end OVEt2. 
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EP 'ar7. s nd hycermis ar2 

ccver-,d Lltn c-31I.us. 

calc~eishP~~ ic!i! to 0.3-0.7 

2~~=itra.-. 7-t~ 

-

5rt2 ~d~r 
zcnes E~= :resent on 

'hv,-cdErrnis 

Par an cfyra C~~if.S-0.3 -:M2 
--­ 'ac~ c2I 'l* 21 

t1h 

J i--

RUsifcrm, 

*.c mmcula 

-12-~z 

-1 nT4n 

. 

x 

x:-

~'a 

-95-

~ ~ f2 

-Rezo 

~ -472 

EI~UiZ 

el 

:-.­
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IF LL1R 2 C~; 

ci:1 dje e2j~j~1 r~ 7 1 

i S~ c amt:,ir oe 

Tutul -r n 1=1,1,-1:3 2f 0r2semt with mass 

-7torace 

P-,rncym 
+V- r ida1 1.2-3.5 -

t 
iet vee.nfohxs* 

o iitrc----'jmlee 0 2 

'J2~u3r:u-~ ~and -=- = 

En da er.-,is Zphe ri 2.0-2.2 - :2113 n-rE!rL~ t 1,o~0rne 

:-t:; Csesi [v-te 2.0-2.5 - EotrVCCEniz 21S ~ tn one or tu~o 

wall in tneezonr-"n reco. 



C'2~~ T2:T 2.5 

5. 

- ~ ~ ~±-feenr' d- inci~1yd~Jd 

e+V 

-nEf2S S 

T a cbmei "-

2rt:!XV,' 

Fu s orm 

nL.71 -­' t 

=-r-tCxvreds. 

*c-!i a-' c_- ric 

spheroidal 

-2.2-2.5 

2.-5- 2. 9 

12-2.5 

1.4-1.9 

0.r)1l3 

x 

~t 

S---:5zes 2-nc: 

Trsch2=:v 

!erv -Lc-- f:;uenz= 

~~1c1s 

thtpir 

mre 

cf 

czrcact 

teveioced. 

trnsfcrmation 
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7 CJ -1H 2 

£7 

~TDC-

-2 

!A; 0.5 
2 2. 0 
jE=-,F 

n d CE=r U to the fCM' Ct~dfOf CornpaCt 
&Jv-

- CEIIus Cells. 
-,:!1lc=ncces Spheroidal. .5-0.9 - eri-s tetc zc.nes =re dE~vmlooed in the 

CeT SIchc:iremicn. Pattern Ci, C211 
di ic - :, = _- ', Ianees inf the fc-,m 

U' stzrace ..VE zSpheroid.± 0.6-2.0 -

cf mass 
.r7'dcct 

meristem.. 
cc'ls _ in1.cL-idEd 

peranchvm= 
shepc tr::m s~c-l 

Tr Ec - aids CFuSifrm 1.2-1.0 x Fnrly t:are cc msccent in scattere-i 
0. 1-0.3 

ncin si bun dlc2s i n t h a s c tions 
with cut 2-,d zi rni S. 
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2 222.:L.__U ,cfcHS1ti 

c-i 

is~ 

Er 

is cd-mtr 

ei~c~n~ssIcdie~eti: 

C.-_. 

05-07 

XO 

-

2.5-n-

-'-nQ.-,mt 

HCc:rr1 flats+ 

7 

Cf t. e MLri - =atn 

mass3 ;n-' melistem Inl 

set nxVem ~ounded 173-12 i~d 5 

__-L,'-

Secticn-S. 

p es en t. 

are im f~r, m1 
cz1~~a'ter~t in the 

~~-sCells =7e nct 



G3REENJ 11JIL)[) R~ rNtJMgCY STIDF) [J P. 'J-r~ 

Al. P. v~r.i plants , i'iiud byj ruedfl in r'rcrn-lur uniditi ns 

were reor ted previntinly in flnurin-hinq .jul 1 in fi uld conditicnon 

on triqmuFer ait the nrc uf t, rmcnths;. The pl-nnt7 OSFie'snu ina.P. 

le'n than li maithri iil not sursvivccl uidur Field cimniitionn 

pr objblyI d in to high tefnjcrsi turu rintd hum idity. 

Tliu ilarlt; ire ru~j - G Ft hirlh, ii nil thy riiv the sturn 

startf~ virid un i nn 11112 1 intt n d t.hl- soiil imi uncrthl1j p r ny d 

w I thi linuc ti ci dF ' I iy-f F, -i pvin cm titin-vi'y rmv: ur u tc rinchd 

;iy in!nect ;it tick. In incur, in lumid rmuith- of July - Afluunt piinrtn­

iriFfild rulf'rndm si-n it ic ut' iltr!!-. imuii.-im-uu,;Iy ui Funrlim 

!rin ub'ui'cmni! inficctinj thu im Ir thus hpuginrr.!frr1 ii\/ 

,3howed burn ing i-car n -intl IiLu r cm thr'Un Ot'Zir grrdunlm .l ld im mudq2L 

Whollu 1P;-IVIS, LwhIich It! initulyV !,t-iturlgrcininj n'! F-illincl off. 

fil tIr Itt-k rnn trul 1"n i Ath purl urlic npiyvn- ci' nthur 

insect '~c i i'. :jho'uiur)LI thu iiuuitlq mign rin itrc:i uciu 

damirni nc thu i' nicsltl. Th i isls rui thu 

nlurn cPry us n j i inqIn ir c t iikrronn A11'- cul turf2 "im tii for 

diiqtreiu sind it ?fff'uctIVE trumj~rit. 1 Fungiridln "Ditiiiriu ;l1-4511 

win nugu t, by rgr' i turi. ry-I)ui rlinn t . Thn 1i uiu i'r fi rsto 



-(M-~ 

weurlek ly nlrnyrid , ] latoir by Infl r, ;intj ndrow two np rmyo i- month 

ore cnotintied. Thp diur-mon 1! tinder cnoitral. "'Pw ].evon 

and brir r'Ir; Ii nivo sLnr Ltd riprn ut r: 

nl. L (? I I - 1-w-irm'hen ,f it: I iwrrr procurr'ri Fr M':tii'c, 

Iruitirit, trrr rqrning D]4r ~ .1 51' :;. oF tlviel- rr s/, 

cuttin. i: din2ri rppnrLi-d tLu ;3irnut itn thin prcvlotjr t'U;2nr L. 

Thr cuttI nn", -irr no F: into hVimithtyI) ~I'rm1- LAO Well10drrpr 1 

diiuuiio; I dt tinrmrrr IIIdo p, ,~ fr! .!-vr For! mIIId If] r-:" ofI'-m triurl 

nuhiftItig fion Boo lloon; hUVWfirod I.rFrtito Ly, duo to 

hIlgh t m rr t ur. '-1)' lium!ill t,' thI i-cp I I ri mif-l3LI (ul m :-. Ft fl(c 

TI , r'i miwi og jlmi t.7 if ith wurf, loft in 'rhe flr'm11uF12 are 

limit ild ti i! Waimnod hi of If Ft, witk mi-tii~ht clL'lulpedf 

brmnchu!o. 1 bopy i1. [,I, L t~u th': mu:; a",tlii Fi11 oo the 

o2niironmfn,-i. rondi tiomnimrr F7-mijur ihi.. 
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C.- Nutrient Requirnminonts of F. vura irints 

flreidy growing pl.int5 in [-rni'n-Housu rnd fijurso'ry woJre In 

ai limnited numbers aind Je'rr? of viririhl. ace mid size. Ttherefore, 

for f~tudy of tilL riutri tionril rprjui.rcmnt.n oif P3. vrn, it was 

plirid to rniru rsome sizod aind nr] !soodlingn in nifi numbers, 

to 5erve no eyperimnt-ii nj t,.rini. The frol1 owingj mrthodologies 

were L150.] wi th resultS obtni ne l' ni vrn: 

I) Direct sowing of 5oods, in ti111!iU 

This metioli wriS efrfcti vr, tahin nemit ni-rbri- of' virlble 

neS~cods ccivri i i1 ris ubiorvinr in Cnor p'rev inus.1 rpe~por ted 

o tudy onl !ow l rg 13. v o i r rr in frre n-im wx i~l Durn ng 

p rusimn t 5tUdy LJo 171id !) 1irni Lodrl ntjmh,-'r of- sn-ds i n our stock 

in I thoru tii:, ev oUy ihr nor? (if the~ir bri r.nr I not i.11 the roil1. 

Therrroro , tn -mivod r in-k tli Is ri~t'ind uv- not tried. 

ii) ru] turL in cjg-r-Tuhr5s 

Thils uf15lor !nfer 1j with lliniLcdl ntirdn?~rerhit mornd 

5 rocnis. fit-otric chioridu of n. 1,,"wint Lrri ror tlip rurf'nce 

nturillnii-on of !-r',d. lrrlziinill -fi tht, mruvr 

Chiluride w thourmnl idr n d!,r aop ti rii ndi tinni,Udir ui]~Jrhr 

,11iituredU I th .- torl Li zd di 0;till ~Iin i'ud th'o 7rlds 1ii 

on O.7%1 gIcj-r-tuhrr,. pnl of thu i'tlo; iami -- t it 5.9. The tubes wrr 

Incthi-it ed -it 2~L i ~ ir mi fo!rrien!?rmi-it od in ml-ir 

tuiii. T~l ordirii ov; n~ from roil. 5,yntom, ?m uew 

4cm 1 jir i-ind Qoivll -fcilIm.ii tr iiLoon-t (Pi.1cif .-11oridcO vii Pro 

(lot 135 rnr t1)), ho fore tvnnmsir'r to f'rrnr-Hnu-ie in plmicr b-ir 

of size 51, x13. 

http:fcilIm.ii
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iii) Embryo Ictiv-ition 

Arn tho qrrmtn'it,I on pimronri wi- onri.riri i.in t 'inurjh 

In method (Ii) nhovin, tir'r-rcirc!, in rir;Ir ntt i, thp. embryos. 

Urere filnt h%/n~L !IP"(9 in-nr-.tiVjntf'rl F-r,[infn PF 1). mnliit 

rcotton, in j t - 1 hl ndnr tn'.ri112 c2nd iti run. Thr Pembryos 

,jqrL, tilin I nitr'dIp~ from n 'V ruLuj~r(ni 11;-'I MIi i(AtUm 

rcnotninlnn 1 mn/] Ioij, 11.13 mn/I rn' 71m] 3"'icrn Thin 

methiod ri r rmnti nrodI -rrI iv'rtn iflt inn [1oi'cnr.tn lIp it in.-s 

r-J!;rdc fruIni 50 to 01". 

iv) Prc.-fnerrn3tiern 

In -oithrri Pxj,-nrlmnt, thr' nrrn! iarnr PRrc-qpnrmin0.nd on 

moist. ccuttacl it lowl tnrnlier-iti.ire ( 10 U-i) nnd wcm thpruaftur 

neiwn In mind. The 9:ind p0 Le ,'I I-it -if, room t['mn -Tmittiro 

-nd wtoJro orn'n hi to'21 h nJmit M,Io w ly~. Thisa 

methond gum 301 l nrr'd1 intjn. 

Seedlings raisedl by Pre-Grrmicin uIlqMthird (iv) 

http:PRrc-qpnrmin0.nd
http:oi'cnr.tn
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By the experiments descrilhnd ahove (ii - iv) wb ire able to 

germinqte p. vnr3 seeds and obt-ilned sredlings nt the r-itu of 

09 - 90%. ThesP seedlings were tronsferred to Preern-Houie for 

further development. Unfortuniteiy due to encti-Ic loid­

shedding the cnoling system or (rren-Housn is not undpr control. 

High teImperiturc prevailing in the Gre~rn-ouse killed almost all 

the seedlings. Moreover, new stock nof seeds could not be avail­

oble before Olct - Nov. Thtrefore, further studies on r-using 

seedlings rnd their transfer to Grr-n-Ilnuse W1s stopned till the 

availability of new stock of' seeds. 

D. gtnndnrdization of growth Conditions 

For healthy and erluil size nrnith of P. vera sedlinns in G 

Green-House, the following growth crinditions 'ere identified. 

1. soil 

i) Texture
 

ii) PH
 

iii) riineral comoosition. 

2. Temnernture 

3. Illumination 

4. Humidity
 

The soil in the Green-HJouse is nil silt nod outside in fields it 

was mestly clay. Threfore, for filling plnstic-bags to rise. 

seedlings, the silt, clay and sand ,ins eriun.ly mixed arind cleaired 

of all gravel etc. This mixed soll wis filled in Green-ljouse 

plastic bogs iand was used us strindird soil. 

The texture of standrird soil as innlysrd hy hydrometer 

http:eriun.ly
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gave following compositionn, an an tiverage of 3 smmplings 

Gand 7M6 

Silt 18% 

Cloy 12% 

,imilarlv, the pH found by calour indicitor. method was 

6.8 (nn aver.cie of 3 samples). mineral crmposition for N, P, V',Ca,
 

Mg, Na, C1, tn, n F. Zn is still to be detrrmineri for thu standardized
 

soil. Temperature, light and humidity factors could not te
 

ancertained due to the shortcommIngn -i Irregul-ir supply of electricity,
 

due to load shedding etc.
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ABfREVIATIONS:­

2,4-D-2, 4-Dichloro phenoxy acetic acid;
 

NAA - Napthalene onetic acid;
 

IBA - Indole butyric acid;
 

BAP - Benzyl amino purine;
 

1IN - Kinetin;
 

2iP - 2 Isopentenyl adenine;
 

OR - Growth Regulators;
 

WPM - Woody plant medium;
 

MS - riurashige ond Skoog medium;
 

FAA - Formallehyde, Adetic acid, alcohol preservgtive;
 

+ve - positive;
 

Vol - Volume; 

Dia - Diameter; 

L - Length; 

i - Width; 

wt - Weight; 

FW - Fresh weight;
 

ORs - Growth regulators.
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FISCL REPORT FRM 1ST CCTCEER 1987 TO 30TH SET. 1989 

Allocated udget Rqon mun BalanceBudgt mountspent 

cn
HE D 0 Q" @HEAD Budgetn 0 Total 9 59 1 1 .9Sa00o 10 8 .equired'Obligated ooonto 01 -stimate O'ru0.e
1st i' 2nd y -3rd yr A fot 3 y8s1089 -for next 

0for 3 yrs.0 00 t six months0 31 .3.90 0sxmnh 

SL: IES ND 155257.00 173689.00 81S79.0 520625.00 252909.47 235437.47 17472.53 90000.00 72523.47
 
-NE F "TS
 

APITAL A3SETS 500000.00 - - 500000.00 500000.00 285549.60 214450.00 - -

HEMICLS ND 2500.OG 21250.00 21250.00 85000.00 76325.00 72352.00 3972.55 14223.00 10250.35 

10250.35
 

T.. no 25500.00 17000.00 17500.00 60000.0. 29547.27 26327.27 3219.73 15000.00 11720.37 
TR..SPCRT 

MI3CELL1NECUS 34000.00 51000.00 - 85000.00 63823.00 51820.04 12002.95 20000.00 7997.09 
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http:20000.00
http:12002.95
http:51820.04
http:63823.00
http:85000.00
http:51000.00
http:34000.00
http:11720.37
http:15000.00
http:26327.27
http:29547.27
http:17500.00
http:17000.00
http:25500.00
http:10250.35
http:10250.35
http:14223.00
http:72352.00
http:76325.00
http:85000.00
http:21250.00
http:21250.00
http:214450.00
http:285549.60
http:500000.00
http:500000.00
http:500000.00
http:72523.47
http:90000.00
http:17472.53
http:235437.47
http:252909.47
http:520625.00
http:173689.00
http:155257.00


EXPENDITURE URT'jG 1ST APc,!L 1989 TO 30TH SEPT. 1989 

MCNTH 0 

Salaries 

Benefits 

0 

0 

Capital CChemicals & 

0 

T 

T.A. 

a 

and MGlasswaresi0 

0 

n t 0 Assets 0 Glasswares 0 Transport TCTAL 

APR IL 14893.00 - 5300.u0 1Z00.00 2060.00 23253.00 

MAY 

JUNE 

JULY 

AUGUST 

SEPT. 

11500.00 

11500.00 

11800. 0 

11210.00 

10C00.00 

-

-

-

5000.00 

3000.00 

-

-

-

1728.00 

-

1000.00 

1500.00 

7000.00 

13330.00 

4550.20 

9711.85 

-

18650.00 

12833.00 

17050.00 

21511.85 

17710.00 

40834.00 

TOTAL 709C3.00 5000.0n 7C28.00 10500.00 36311.05 132742.05 
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