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and normal cells of juice vesicles was achieved by destaining 

safranin stained juice sacs in N HCI. These differentially 

stained juice vesicles were stored in glycerine for future use 

and dissected when required for microscopic observations. 

For histological and histochemical investigations of 

granulations, juice vesicles were fixed in F.A.A. (24 hr), dehy­

drated through tertiary butyl alcohol series and embedded in 

paraffin wax for microtomy. Serial sections 12 II m in thickness 

were cut using a Leitz rotary microtome. for histological investi­

gations safranin-haematoxylin staining combination was used 

(Johansen, 1940) while histochemical localization of insoluble 

polysaccharides, general proteins and nucleic acids in the juice 

vesicles was done using following techniques: 

Insoluble polysaccharide (Jensen, 1962): First deparafinized 

sections were brought to water for 3 - 5 min. Next slides were 

incubated in 0.5% aqueous solution of periodic acid for 30 min. 

at 25°C. At the expiry of incubation period the slides were 

washed for 5 min. in running water and then stained with Schiff's 

reagent for 25 min. at 4°C. The stained sections were first 

rinsed in water and then placed in 2% sodium metabisulfite for 

1-2 min. The slides were again washed in running water [or 2-3 

min., dehydrated and mounted in D.P.X. The insoluble polysaccha­

rides and starch stain purplish-pink. 

General protein (Mazia et al., 1953): The deparafinized sections 

were first transferred to absolute alcohol and then placed for 



Developmental 
stages of fruit 

May 

June 

July 

August 

September 

October 

November 

Decemb,'r 

Januar: 

Table 7: Morphological features of the citrus fruits and pH of the juice at different 

developmental stages of C. gran dis fruit. 

Fruit diameter Length of the Weight of the 
(em) vesicle (mm) vesicles 

(mg/ explant1 

2.84 1.25±0.03 1.1±0.02 

3.40 2.04±0.08 2.1±0.14 

5.56 5.04±0.10 10.9±O.19 

10.45 9.12±0.24 19.8±O.77 

12.40 18.80±1.16 28.8± 1.16 

13.17 20.06±O.O8 40.2±O.97 

13.43 20.34±O.24 51.8±1.60 

1 '~.34 20.64±O.10 52.6±2.33 

15.16 20.64±O.20 52.6± 1.49 

pH of the 
juice 

2.5 

2.5 

2.5 

2.5 

2.5 

2.72 

2.95 

3.23 

3.~4 
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30 min. in 0.1 % solution of bromophenol blue prepared in 95% 

alcohol having 10% mercuric chloride. Subsequent to staining 

in bromophenol blue, slides were first washed in 0.5% aqueous 

acetic acid for 3-5 min. and then dipped for 3 min. in sorenson 

buffer. The sections were quickly dehydrated through TBA, cleared 

in xylene and mounted in D.P.X. Proteins stain blue. 

Nucleic acid (Flax and Himes, 1952): The deparaf ini zed sections 

were hydrated and placed in Azur B solution (0.25 mg/ml) prepared 

in citrate buffer (pH, 4.0) for 2 hr at 50°C. Once staining 

was over, the slides were washed in water, placed in pure T.B.A. 

for 30 min, 2nd then passed through xylene and mounted in D.P.X. 

Both the nucleic acids stain differently. DNA stains green 

blue while RNA appears either purple or dark blue. 

Results 

Table-7 gives data on size of the fruit, size and 

weight of the juice vesicles and pH of the juice at different 

stages of fruit development. During May when fruits of C. grandis 

have a diameter of 2.84 cm juice vesicles are not differentiated. 

The juice vesicles become apparent in the month of July when 

developing fruits have attained a diameter of 4.61 cm. At this 

stage the pH of the juice present in the juice vesicle is 2.5. 

With the fruit development the fruit size incr~ases and at matu­

ri ty (during January) the diameter of the fruits is 15 -16 cm 

and the juice vesicles ,which are 20.05 mm long, weiqh 54.4 mg. 

The pH of the juice of the ripe fruit is 2.97 (Table-7 ). 



Plate 7a 

1. Longitudinal section of the normal juice vesicle in the month of May. X 75 

2. Longitudinal section of the normal juice vesicle during the month of 
May. X 190 

3. Longitudinal section of the normal juice vesicle In the month of June. 
X 190 

4. Longitudinal section of the normal juice vesicle in the month of September. 
X 190 

5. Longitudinal section of the normal juice vesicle in the month of September 
showing neck region. X 120 

'6. Longitudinal section of the normal juice vesicle in the month of Dece­
mber. X 190 

7. Longitudinal section of the granulated juice vesicle in the month of 
July showing presence of TE in the neck region. X 310 

8. Tracheids with annular secondary wall thickenings and scalariform pitt­
·ings. X 300 

9. Trachieds with alternate pittings. X 120 

10. Vessels. X 470 

11. Branched tracheid. X 310 

12. GA trachied. X 120 

13. Longitudinal section of the granulated juice vesicle towards periphery 
exhibiting thick walled cells of vesicle membrane. X 300 

14. Longitudinal section of the granulated juice vesicle showing differentia­
tion of thick waHed pitted ceHs. X 470 

15. Longitudinal section of the granulated JUIce vesicle towards the distal 
end of the vesicle revealing differentiation of fibers. X 240 

16. Longitudinal section of the granulated juice vesicle in. the month of 
January exhibiting disintegration of the cells of the middle region. 
X 310 

vm - vesicle membrane, m - middle region, c - central region, s - neck region. 
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Normal JU1ce vesicle development: The development of juice 

vesicle in developing fruit of C. grandis commences in the month 

of May. Initially the juice vesicle is made up of parenchyma 

cells which are relatively isodiametric and non-vacuolated (Plate 

7a.1). At this stage, in the juice vesicle ,neck is ill di[feren­

tiated but the sac reg10n is well demarcated. Anatomically the 

juice vesicle is distinguishable into epidermis (vesicle membrane), 

middle region and a central region ( Plate 7 a .2). The cell s of 

the outer epidermal layer of the juice vesicles (vesicle membrane) 

are parenchymatous and longer than broad. Inner to the vesicle 

membrane, four to five layers of small parenchyma cells consti­

tute middle region of the sac. In the centre of the sac two 

to three 

cells of 

layers of 

the juice 

large parenchyma cells are 

vesicles exhibi t prominent 

present. All the 

nucleus. Central 

cells have relati vel y more cytoplasm and bigger nucleus as com­

pared to the cells of the middle reg10n and vesicle membrane 

(Plate 7a.2). In the jU1ce vesicle, cells of the central region 

have high nucleic acid contents both in cytoplasm and nucleus 

(Plate 7b.1) The cells of the central region reveal maximum 

accumulation of RNA and DNA in cytoplasm and nucleus respectively 

(Plate 7b.1). Accumulation of RNA and DNA in cells of the juice 

vesicle decreases gradually towards periphery. Eridermal cells 

~nd cells of middle region adjacent to it C'xhi bi t moderate 

UNA staining in the cytoplasm while nuclei have high DNA content. 

Distribution of protein in the juice vesicle also follows nucleic 

acid pattern; maximum being 1n the central reg10n and least 

in the epidermal cells while cells of the middle region have 



Plate 7b 

1. Normal juice vesicle showing differences In nucleic acids content of 
different regions. X 75 

2. Distribution of general proteins in different regIOns of the normal juice 
vesicles. X 75 

3. Distribution of insoluble polysaccharides in the normal JUICe vesicles. 
X 75 

4. Distribution of general protein In the juice vesicle cells of the stalk 
region. X 120 

5. Distribution of nucleic acids in the normal juice vesicle. X 75 

6. Distribution of general protein in the sac region of normal juice vesicle 
X 190 

7. Distribution of insoluble polysaccharides In the normal JUice vesicle. 

8. 

X 75 

Silr: region of norJllal 
polysaccharide:. 

JUice vl'sicle showillg dislribulioll of illSO\ubk 
and presence of starch grains. X 190 

9. Sac region of normal juice vesicle showing distribution of insoluble 
polysaccharide during September. X 190 

10. Sac region of normal juice vesicle showing distribution of insoluble 
polysaccharide in decline and the starch grain content of the cells. X 190 

11. Sac region of normal juice vesicle showing distribution of insoluble 
polysaccharides during ripening. X 120 

12. Sac region of juice vesicle showing distribution of general protein in 
the normal juice vesicle during maturation in the month of October. 
X 190 
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intermediate concentration of protein (Plate 7b.2). Nuclei of 

all juice vesicle cells reveal presence of protein by staining 

intense blue with bromophenol blue. Cell wall and cytoplasm 

of central cells are also highly protein positive. But cells 

of epidermis and middle region reveal moderate intensity of 

protein staining in cytoplasm and faint staining :tn cell wall 

(Plate 7b.2). Distribution pattern of insoluble polysaccharides 

in juice vesicle cells was different, as compared to protein 

and nucleic acid patterns, since cell walls and cytoplasm of 

cells of all the regions (epidermis, middle and central) of 

the juice vesicles stained almost equally with PAS (Plate 7b.3). 

During the month of June some changes occur In the 

vesicle region. There is an increase in the central cells making 

middle portion of the vesicle more broad and swollen. However, 
towards 

the increase :tn the cell number is relatively less/ anterior 

and posterior ends causing vesicle to gradually taper at the 

two ends. Furthc~r, at this stage cells or the cent_rill r!'<pon 

start loosing contact with each other (Plate 7a.3). With the 

progression of the juice vesicle development, cells of the stalk 

region also increase in number and size. Therefore, the juice 

vesicles, at this stage of development, can be differentiated 

into a narrow elongated stalk region and a broad vesicle region. 

Stalk of the juice vesicle is made of parehchymatous cells which 

are bounded by a vesicle membrane or epidermis towards the perl-

phery (Plate 7b.4). Compared to the cell wall, cytoplasm of 

the cells of the stalk region have very little protein. However, 

~. -. -
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7a.5-6). At this stage, the cells of the middle regIon became 

loose and cell wall of the juice vesicle cells appears very 

thi n (Plate 7 a .6). Once the j ui ce ves icles have devc loped fully 

the starch grains accumulation start diminishing and by the 

month of October all the starch grains have almost vanished 

(Plate 7b.l0). In C. grandis fruit, which have either matured 

or are ripening, the intensi ty of PAS staining does not vary 

(Plate 7b.1 0,11 ). But a decreasing tren~ was evident in protein 

and nucleic acid staining (Plate 7b. 12 - 1) ). The intensi ty 

of protein staining decreased very sb~PIY ciur1ng October (Plate 

7h.12). Very little prole-in was noticed in cylopL1sm and nucleus 

of the central cells while cells of the other regions revealed 

absence of protein. Similar trend was noticed for nucleic acid 

also. Although very faint staining revealed presence of RNA 

in the cytoplasm of the central cells, cells of the other region 

have no nucleic acids in cytoplasm (Plate 7b.14). During December-

January (Senescent stage) all the cells of the juice vesicle 

exhibited little protein and ~ucleic acids In cytoplasm and 

nucleus of the cells (Plate 7b.1 3,15) . 

Granulated juice vesicle: During early ontogeny (May-June) both 

normal and granulated juice vesicles are similar histologically 

and histochemically. First signs of granulation appear in the 

month of July with the differentiation of'abnormal cells (tracheary 

cells wi th spiral thickenings) 1n the neck region (Plate 7a. 7) . 

The number and diversity of TE 1n the neck reg10n increased 

during October-November when tracheids with annular and scalariform 



Plate 7b (contd.) 

13. Sac region of normal juice vesicle showing distribution of general protein 
during December-January. X 150 

14. SLiC region of norrna.l juice vesicle showing distribution of nucleic acids 
during maturation in the month of October. X 190 

15. Sac region of normal juice vesicle showing distribution of nucleic acids 
during December-January. X 150 

16. Distribution of nucleic acids in granulated juice vesicle in the month 
of July (lignified abnormal cells take green colour of lignin with Azur 
B tes t). X 240 

17. Sac region of the granulated juice vesicle showing distribution of general 
protein during fruit maturation. X 150 

18. Sac region of granulated juice vesicle showing distribution of nucleic 
acids during fruit maturation. X 150 

19.. Sac region of granulated juice vesicle showing distribution of insoluble 
polysaccharides during fruit matur.::ttion. X 240 

20. Sac region of granulated juice vesicle showing distribution of insoluble 
polysaccharides in ripe fruit. X 120 
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thickenings (Plate 7a.8,9) and vessels differentiated (Plate 

7a.10). Besides, a few branched tracheids were also observed 

(Plate 7a.11). These TE-like cells while do not stain for protein 

the Azur B test reveals presence of lignin (green colour) but 

no nucleic acid in these cells (Plate 7b.1 6 ). The wall of these 

thick walled cells stain darkly with PAS in comparison to the 

cell wall of other cells of the juice vesicles .. In the month 

of September, signs of granulation appear in the sac region 

also. Meanwhile thick walled pitted cells (Gibberellin tracheids, 

Roberts, 1976) develop in the cells of the central region (Plate 

7a.12). 

During maturation of tbe fruit, a sharp decline in 

protein and nucleic acid contents occur in normal as well as 

thick walled cells of the granulated juice vesicle (Plate 7b. 

17,18). But intensity of PAS staining increased in the cell 

wall of the juice vesicle. During october cells of the outer 

epidermis of the juice vesicle become very thick walled (Plate 

7a .13) and the number of rounded thick walled pitted cells inc.., 

reases in the vesicle region (Plate 7a.14). In the month of 

November, some fibers also differentiate towards the distal 

end of the vesicle (Plate 7a .15). These remain adhered to the 

vesicle wall. Thus in the granulated juice vesicles, except 

cells of middle parenchymatous layer, allrthe cells become thick­

walled and later due to pressure of these thick walled cells 

the parenchymatous cells of the middle region also collapse 

(Plate 7a. 16) leaving only thick walled cells and a cavi ty in 
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the sac region of the vesicle. Both cell wall and cytoplasm 

of these thick walled cells stain more intensely with PAS than 

parenchyma cells of the middle layers (Plate 7b .19 ). In granu­

lated juice vesicles intensity of PAS staining increases continu­

ously from September (mature fruit) upto December (ripe fruit) 

when maximum number of thick walled cells had differentiated 

in the juice vesicle (Plate 7b.20). 

Degree of granulation depends on the number of thick 

walled cells formed. In less granulated juice vesicles only 

few thick walled rounded pitted cells develop in the central 

region while epidermal cells remain thin walled. In fully granu­

lated juice vesicles, however, most of the juice vesicle cells 

become thick walled. Due to the presence of the thick walled 

cells and cavity in the sac region of granulated juice vesicle 

the area having thick walled cells becomes elevated while depres-

siom occur in the cavity region making juice vesicle surface 

uneven. 

Discussion 

-Morphologically the normal and granulated juice vesicles 

ilre dil1en.:nL. COlllf:Jilred Lo the no,unill juice vesicle, the <.jl'i.H1U-

lated juice vesicles are hard and have granular appearance. 

The granulated juice vesicles are heavier than normal juice 

vesicles. The hardening of the granulated juice sac is due to 

gelatinization lof the cell contents and lignification of the 

cell wall of the cells present in the sac region (Bartholomew 

et al., 
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During development normal and granulated juice vesicles, 

reveal differences in their anatomical characteristics. Compared 

to the normal juice vesicles, the cell walls of the vesicle 

membrane cells are thicker in granulated juice vesicles. Further, 

while the normal juice vesicles are parenchymatous in nature, 

the granulated juice vesicles reveal differentiation of thick 

walled pitted cells in the vesicle region. The extent of differen-

tiation of these thick walled pitted cells in the vesicle region 

increases, with the progression and increase of granulation, 

so much so that the sac region gets fully filled with these 

cells. In the later stages of granulation the granulated juice 

vesicles collapse due to disintegration of cells in the sac 

region. The granulated juice vesicles are bigger than the normal 

juice vesicles. Similar were the observations of Turrel and 

(1939) in valencia oranges. These findings are 

thus agreement with the observations of Bartholomew et al., 

in c. sinensis. 

Histochemically normal and granulated juice vesicles 

are similar during early stages of ontogeny. But differences 

appear with the start of granulation disorder. Compared to 

the normal juice vesicles, the granulated juice vesicles have 

more insoluble polysaccharides but protein and nucleic acid 

contents are much less. Thus while histochemically granulation 

is associated with the rapid loss of protein and nucleic acid ---content, a rapid increase in insoluble polysaccharids takes 
--~------'~ .. ' .... -~ ..... "- ~ 

place. Further, in comparison to the cells of normal juice 
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vesicles, rapid and pronounced lignification of the cell 

takes place in the cells of granulated juice vesicle . 
,,/ 

were the observations of Turrel and Bartholomew (~ in valencia 

oranges. The above hiostochemical differences in the normal 

and granulated juice vesicles are manifestations of metabolic 

differences in the two types of juice vesicles. Thus it may 

be suggested that metabolic disorders are the reasons .9~ranu~ 
.-------------------_. _ ....... .. 
tion djsg,rder . 

.:;;:..--



CHAPTER VIII 

GENERAL DISCUSSION AND CONCLUSIONS 
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In the present investigation the effects of diverse 

tissue culture media on callusing and cytodifferentiation in 

c. limon juice vesicle cultures were investigated by using 

five different nutrient media (MS, BS' White, Heller and Roberts) . 

Best growth of the callus and cytodifferentiation was evoked 

by MS medium while Heller and White meida were least effective. 

Effectiveness of BS and Roberts media ranged intermediate between 

MS and Heller and White media. The differential effectiveness 

of the various nutrient media could be due to quali tati ve and 

quantitative differences in their chemical composition. Effects 

of varying osmotic concentration of the nutrient medium on 

cytodifferentiation revealed that osmotic concentration of 

the medium has a bearing on cytodifferentiation in juice vesicles 

cultures and an optimal osmotic concentration is essential 

for better callus growth and cytodifferentiation. stage of 

frui t develoome!l_t ___ ~ nfl uences p0t.~nti-ali ty of ao .----.. juice vesicles 

callus and /cytodifferentiation. The juice vesicles from the 

ully developed fruits are excellent experimental material 

for callusing and xylogenesis while juice vesicles excised 

from green immature fruits and senescent fruits do not develop 

callus. Callusing in the vesicles obtained. from partially ripe 

fruits was also less c0l11.pared~ __ te--t.b.e vesicles excised from 

Yu:il~- developed green frui t~ ."~~ :uggests that the deve­

lopmental stage of the fruit is crucial for the induction of 

cell divisions in juice' vesicle culturc~s. Kordiln (1984) illso 

suggested the use of mature fruits for culturing since the 

lemon fruits have short life history in vivo. Amongst the various 
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regions of the juice vesicle usually callus develops only from 

the neck region and ordinarily no callusing occurs in the sac 

riaiC-;;;-::-;;i~~-;';'; i c l~s-:-r;;-~~ suggests that 
-..... - .. -

the neck region is most sensitive region of the juice 

~xPlant. Similar were the 

obsereved that in Citrus 

findings of Kordan 

culture experiments, 

usually degenerates and collapses while growth 

neck region. Better growth in the neck region has 

to the di f ferences in the acidity of sap 

sac regions (Bartholomew and Sinclair, 

vesicle region 

s in the 

attributed 

in neck and 

Compared to sap 

present in vesicle, the sap found in neck region is less acidic. 

The difference in the acidity of the sap may be due to differences 

in the concentr~n of the citric 

(Kordan, ~. In the present 

acid in sap of the two regions 

investigations cell divisions 

were completely inhibited if pH of the nutrient medium was 

below pH 3.0 . 
.. - .. -
Essentiality of nitrogen for cytodifferentiation and 

differences in the efficacy of ammonium and potassium form 

of nitrogen in inducing cytodifferentiation was also investigated 

in C. limon juice vesicle cultures. The investigations revealed 

that nitrogen is not essential for cytodifferentiation in C. limon 

juice vesicle cultures. But of nitrogen sources 

(,NH4 N0 3 and / or KN0 3 ) influenced diffe-! rentiation. These ?re in agreement with the findings 
~~~-~ 

of Ph1ll1ps and Dodds which suggest that inorganic nitrogen 

influences TE differentiation and reduction of nitrogen content 
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of the medium promotes differentiation. In the present study 

both ammonium and potassium nitrogen inhibited di fferentiation 

of tracheid, fibem and sclerei&but degree of inhibition differed 

with the type of nitrogen source used. 

Role of carbon source on cytodifferentiation in C. limon 

juice vesicle culture was studied by using different carbohydrates. 

The investigation revealed that callusing and cytodifferentiation 

occurred only in presence of a carbon source in the medium 

suggesting necessity of exogenous sugar in the medium for succes-

ISfUl xy This supports c;~s1usi~Wetmore and Sorokin 

(195 . However, in cuI tureYXPlants of Helianthus 

(Minocha and Halperin, 1tJ4'> and lettuce pith oberts, 1982 ~ 

callus development and differentiation of TE oc ~n 
the absence of exogenous carbon source. Thus different species 

differ in their carbon requirement for cytodifferentiation. 

Amongst different carbon sources, used in the present study, 

glucose supported best callus growth while sucrose induced 

best cytodifferentiation. Myoinositol which is most 

effective in the present -st~ily. C'hi~-th. us 
-_/ 

, ---~- .... 

in inducing '8 ~as least 

further supports the conclusions that different species have 
,/" 

different carbon source preferences. Different/§ugars influence 

cytodifferentiation differently in cultures. 

These fjA1dings are , in conformity with conclusions of Ball 
/ 

(~' and Jeff's and Northcote In Coleus stems loW 

sucrose levels (1.5-2.5%> induce strong xylem differentiation 

while higher sucrose levels (3-4%) prefer phloem differentiation 
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( Wetmore et al., 1964; Wetmore and Rier, But experiments 

with callus cultures contradict these findings since in these 
\ 

experiments 

increasing 

and Beslow, 

internodes 

the numqer of 
/ 

concen~ation of 

1~. A similar 

(Beslow and Rier, 

of Helianthus (Minocha and 

xylem elements increased with the 

sucrose, at least upto 8% (Rier 

si tua~/existed in .. excised Coleus 

1~ and in C~d 'tuber t~ 
Halperin, -~. Aloni (1~, on 

the other hand, could not find any correlation between sucrose 

concentrations and the differentiation of vascular elements 

and concluded that sucrose concentration in the nutrient medium 

docs not determine the differentiation of xylem and phloem 

in tissue cultures. But in C. limon juice vesicle cultures, 

sucrose concentration of the medium has a bearing on the diffe-

rentiation of tracheid, fibers and sclereids. Since the sucrose 

concentrations upto 4% level promoted differentiation of tracheid, 

fibers and sclereid~, while higher concentrations (above 4%) 

inhibited their differentiation. However, differentiation of 

phloem did not occur even at the highest concentration of sucrose 

(12%). used in the present study. t~.se .. ~.~din s while 

'support the observations of Wetmore ana Rier (9 ) also suggest 

that a threshold concentration of sucrose necessary for 

phloem differentiation may vary with the species. 

Plant growth hormones influence differentiation in 

experimental material. In the present study besides auxin, 

GA, Kn, C2H4 and ABA influenced cytodifferentiation in juice 

vesicle cultures. Amongst auxins IAA was most effective while 
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IBA was least effective in evoking differentiation of tracheid, 

fibers and sclereids. 2,4-D and NAA evoked intermediate responses. 

The present findings thus corroborate the conclusions that 

different auxins differ in their effectiveness in inducing 

cytodifferentiation and the responses are dependent on the 

species and a~xin~ing used for _ex)7ri~tation (Dalessandro 

and Roberts, 1 v,; Dalessandro, /l~ M Minocha and Halperin, 
/ /' \;;14; Phi,~lips and Dodds, ~5J77). ic effects of auxin 

and c~kinin (Sorokin et al., 1 2; Minocha and Halperin, 

19~ Dalessandro, l~~addon ~ Northcote, 1975), auxin 

and GA (Wareing\p;- Neiten, ~; Roberts and Fosket, 1~ 
and auxin, cytokinin and gibberellic acid (Dalessandro, ~ 
are . reported in literature. In the present study also the combi-

nations of various growth hormones revealed synergism. The 

combination of IAA, Kn and GA had most effective synergistic 

effect on cytodifferentiation in juice vesicle cultures. 

In the present study methionine, an ethylene precursor, 

promoted cytodifferentiation while CoCI 2 , an inhibitor of C2H4 

biosynthesis, inhibited callusing and cytodifferentiation. 

The present 1ngs thus further support the conclusions that 

differentiation ~beles and Abeles, 

Roberts and Miller, ~; Miller and Roberts, 

Abscisic acid, a plant growth 

differentiation (Minocha and /Halperin, 

Haddqn and Northcote, ~But in the 

~orm~~inhibits TE 

1~ Minochn,~ 
present investigations 
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lower concentrations of ABA improved TE differentiation while 

higher concentration inhibited cytodifferentiation. Further, 

ABA induced effects on TE differentiation were more pronounced 

in presence of growth hormones IAA ahd Kn than in their absence 

which suggests an interaction between the three growth hormones. 

Most of the evidence for and against cell division, 

as a prerequisite for differentiation, was accumulated with 

studies on TE di fferentiation. Evidence in support of the hypo-

thesis that cell division must precede comes 

from the studies un Coleus stem (Fosket, and pea root 

(Shininger, \,2.9'15) explants. In the present investigation, usi ng 

colchicine, it was found that in explants, which did not develop 

callus, no differentiation occurred. Thus, in C. limon juice 

vesicle cultures also, cell 

cytodifferentiation. Similar 

division is a prerequisite for 

'E; the findings of Fosket (~ 
and Malawer and Phillips ~ Dodds and Phillips 

In the present investigations higher concentrations of colchicine 

induced of abnormal tracheid and fibers which 

effects of cOlchi<;.rbe on microtubules and 
.,1"'. 

orientation (Taylor, 0};65; Falconer and Seagull, 

During culturing acidification of the 

The pH of the medium influences callusing and 

occurs. 

in jui ce vesicle cui tures (Khan et al. Highly acidic 

medium inhibit cytodifferentiation while moderately acidic 

medium (pH 5) is most suitable for both callusing and differen-



Table 8: A comparison of composition of MS and MS medium modified for C. limon 

juice vesicle culture (mg/l). 

Component 

NH4N03 
KN0 3 
CaC12·2H20 

MgS04·7H20 

, KH
2
P0

4 

FeS04·7H2 ° 
Na

2
EDTA 

MnS044H 20 

ZnS04·7H20 

H3B03 
KI 

Na2Mo04·2H20 

CuS04·5H20 

CoCl 2·6H20 

Myoinositol 

Nicotinic acid 

Pyridoxin-HCl 

Thiamine-HCl 

Glycine 

Sucrose 

Agar 

IAA 

Kinetin 

pH 

MS 

1,650 

1,900 

440 

370 

170 
27.8 

37.3 

223 

8.6 

6.2 

0.83 

0.25 

0.025 

0.025 

100.0 

0.5 

0.5 

0.1 

2.0 

30,000 

10,000 

1.0-30.0 

0.04-10.0 

5.7-5.8 

Modified MS 

440 

370 

170 
27.8 

37.3 

223 

8.6 

6.2 

0.83 

0.25 

0.025 

0.025 

0.5 

0.5 

0.1 

2.0 

40,000 

10,000 

10.0 

0.2 

5.0 
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tiation of tracheids, fibers and sclereids. The differentiation 

of tracheids is relatively more sensi ti ve to changes in medium 

pH. 

The modified MS medium devised (Table- B) , on .the basis 

of the findings of the present investigation, improved callus 

growth and induced better cytodifferentiation, in C. limon 
the 

juice vesicle cultures, in comparison to/MS medium (Fig. B). 

Analysis of the effects of different organic acids. 

(maleic, a-ketoglutaric, pyruvic and citric acid) on cytodifferen-

tiation in C. limon juice vesicle cultures revealed that all 

the organic acids used improved differentiation. ~-ketoglutaric 

and maleic acids had most pronounced effects while pyruvic 

acid was least effective. The effectiveness of acid 

was intermediate. However, Gamborg and Skylak found 

that amongst Kreb I s Cycle, citric acid ._~.:? ___ mQ.§t eff~ctble in 

soyabean cell suspension cultures. Thus the responses of diffe-,,- • ___ .w-·· '-. ~ __ .... _._ ....... -.-.-...... , ... ___ .. 

rent species differ. This is also evident by the fact that 

in C. hassaku juice vesicle cultures citric/maleic acid ~orpo­

ration in the medium inhibited growth (Kato, ~. Citric 

acid which is a major component oj Citrus fruit juices stimulates 

cytodifferentiation in 

(Kulshreshtha et al., 

effects in C. limon 

/' 

C. li~' juice vesicle cultures 

1 m). Orange juice also has stimulatory 

cuI tures (Murashige and Tucker, ~.~ 
Therefore, effects of fruit juice, from five different Citrus 

species (C. limon, C. grandis, C. aurantifolia, C. reticulata 

and C. jambhiri), were also investigated on cytodifferentiation 



Fig.8 Cytodifferentiation in C. limon juice vesicle cultured on MS and modified 

MS medium. 
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inC. limon juice vesicle cultures. Orange juice induced best 

xylogenic response while Assam lemon juice was least effective. 

The other juices evoked intermediate responses. Erner (~ 
(1975) also found that orange fruit juice is more effective 

than grape fruit and lemon fruit juice. Thus, juices from diffe-

rent fruits are differentially effective in inducing differen-

tiation which may be due to variation in the chemical composition 

of their juices. Since citric acid can substitute partly the 

effects of orange juice it may be considered that atleast some 

of the growth acti vi ty of the orange juice is due to citric 

acid present in it. But besides citric acid some other compo-

nents of the juice must also be responsible for the responses 

evoked by various Citrus fruit juices. Recently presence of 

some endogenous plant growth substances have been reported 

in young fruit of seeded and seedless clementine mandarin (Garcia-

Papi and Garcia-Martinez, 1984), which could be true for C. limon 

as well since even 1n the absence of growth hormones juice 

vesicle 
supplemented with Citrus fruit JU1ce 

on MS basal medium /differentiated fibers. 

Aloni reported that IAA and GA are the limiting and 

controlling factors in the differentiation of fibers. 

In the present investigation, white 

light, had detrimental 

differentiation, in co 
/ 

/ 

eYfect on the quali ty and 
/ 

arison to dark conpitions. 

support the conclusi ns of Phillips and Dodds 

(fluorescent) 

quantity of 

and Yeoman 

ind Davidson Low do~~§ of gamma rays promote ca 11 us 
----~---.- .. '~."-

----------.~-

Jrowth and differentiation while higher doses, which inhibi ted 
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callus growth (cell division) also inhibited 

Similar were the findings of Dodds and Phillips Phillips 

and Arnott (1983). The radiation induced stimulation of diffe-

rentiation was associated with the 
--~--."---'~~.-.---"-.------ .. -

and nucleic acid in the irradiated 
-----'--".--~- -- .-

juice vesicles. Conversely 

radiation induced inhibi tion of di fferentiation was associated 

with less protein and nucleic acid in the irradiated juice 

vesicles. This may suggest that radiation effect on differentia-

tion of trachied, fibers and sclereids are mediated through 

their effect on protein and nucleic acid metabolisms of the 

irradiated juice vesicles. 

The normal and granulated juice vesicles of C. grandis 

differ in their morphology. Compared to the normal juice vesicle, 

the granulated juice vesicles are hard, granular in appearance 

and heavier than normal juice vesicles. The hardening of the 

granulated juice sac is due to gelatinization 9f'the cell contents 

and lignification of the cell cells present in 

the sac region (Bartholomew et al., 

The normal and granulated juice vesicles also differ 

in their anatomical characteristics. Compa!ed to the normal 

juice vesicles, the cell walls of the vesicle membrane cells 

are thicker in granulated juice vesicles. Further while the 

normal juice vesicle is parenchymatous in ~ature, the granulated 

juice vesicles reveal differentiation of thick-walled pitted 

cells in the vesicle region. The extent of differentiation 

of these thick walled cells increases with the progression 
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and increase of granulation sO much so that the sac region 

gets fully filled with these cells. In the later stages of 

granulation the granulated juice vesicles collapse due to dis-

integration of cells in the sac region. The granulated juice 

vesicles are biger than the 

situation exists in granulated 

(Turrel and Bartholomew 

vesicles. A similar 

vesicles of valencia o~ges 

Bartholomew ct al., ~). The 

normal and granulated juice vesicles differ histochemically 

also. Compared to the normal juice vesicles, the granulated 

juice vesicles have more insoluble polysaccharides but protein 

and nucleic acid content is much less. Thus, histochemically 

granulation is associated with a rapid loss of protein and 

nucleic acid contents while a simultaneous increase in their 

insoluble polysaccharide content occurs. Further in comparison 

to the cells of normal juice vesicles rapid and pronounced 

lignification of the cell walls takes place in the cells of 

granulated juice vesicles. All these could be manifestations 

of metabolic differences in the two types of juice vesicles. 

Thus it may be suggested that metabolic disorders are the reasons 
___ ..... __ " .......... '~-- ,.~_ '.~ ..... ,....°f ., ."' - ... ~ -::. ~" '.'.", " 

for granulation disorder. 
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