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RESULTS AND DISCUSSIONS

A) Karyotypes t

Ev«ry species of plant or animals, by and large, is 
characterised by definite somatic chromosome number. It was 
first emphasised by a Russian Scientist Mawaschin (1932). 
Karyotype was first defined in 1926 by Delaunay as a group 
of species resembling each other in the morphology and number 
of their chromosomes. However, Lewitsky (1931) defined it as 
a phenotypic appearence of the somatic chromosomes in contrast 
to their genotype. According to Swanson (1960), karyotype is 
defined as the basic chromosome set of a species and is further 
characterised to form and sise of chromosomes as well as to 
their number. When represented in a dlagramatic fashion it is 
referred to as idiogram. The analysis of karyotype is known 
as karyosystematics (Sato 1942). After realising the importance 
of karyotypic study in both animals and plants as a powerful 
mean of characterisation of a species, several workers have 
elaborated a method. One of the first to do this job is Helts 
(192S). He developed an elaborate system of representing a 
karyotype using different symbols. However, it soon waded away 
as it did not contribute to develop the concept of karyotype. 
Almost 30 years later Tjlo and Levan*s (1950) have suggested an 
expression for somatic chromosome merely on the position of 
centromere, secondary constriction and satellite. To express 
the karyotype they used Roman letters such as i
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Type A - Long chromosome with e satellite

Type B - Long chromosome with secondary constri

ction on chromosome arm

Type C - Long chromosome with median primary 

constriction and so on.

The number behind the letter indicated the number of 

chromosome in their particular category. However. Battaglia 

(195$) an Italian Cytologist suggested another method based 

on chromosome morphology and position of centromere. He 

classified the chromosomes as median centromere type, sub

median centromere type, terminal centromere type, isobrachial 

chromosome and so on. The limitation of this method is very 

evident* This terminology, though used in practice could not 

be effectively used for formulation of karyotype, which needed 

symbolisation and brevity. Ising (1962) based on Heits's 

method evolved a system of karyotype expression. In this 

system 5 groups of chromosomes were distinguished and they 

were symbolised by following letters, which indicated both 

cent ream eric location and relative chromosome sise. They are 

as follows i-

V. L. j. 1. i i but again this has the limitation of 

expression. The whole system thus, has eventually been revised 

by Levan et al. in 1964. in a comprehensive paper, they sugges

ted a nomenclature for centromeric position of a chromosomes.



Plate 5 t Somatic chromosomes from root tip cells
of Coleus forskohlii
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Although, discussion of this comprehensive paper is beyond 

tbs scops of this dissertation. The gist of recommended 

nomenclature is as follows.

Location of the centromere i

Zf the total length of the chromosome is denoted by 

*C* and the length of long are and short arm *1" and ”s*

respectively, the location of the centromere is expressed
s

as the difference (d) - 1 - a or as ratio (R) - —j— . The

ratio between the arm is often calculated as centromeric
sindex (i) * 100 ____  If the total length of the chromosome
C

is *C* and "r" or "i" are given the "l* and "a" are calculated 

as follows *-

1 * C / ( r + s )

s * C / ( r + 1 )

1 - C ( 100 - i ) / 100

s - 1C / 100

After Levan et al. (1964) have suggested a method of 

karyotypic expression it was still found rigid to make it 

applicable. The several workers have modified, thus, the 

expression of karyotype. The better formulation of chromosome 

classification has been suggested by Abraham and Prasad (1983).j' 

This is one of the easy way of expressing/classification 

karyotypes. This classification of chromosome karyotype is I 

adopted here.



TYPE A «

TYPE 8

TYPE C

TYPE D

TYPE E

TYPE ¥

TYPE G

TYPE n

(Chromosome Z)
A pair of long chromosomes (5.04 >1) with sub
terminal centromere. This is the longest pair.

. (Chromosome XI)
A pair of long chromosomes (4.95 ji) with median 
centromere.

t (Chromosome III)
A pair of long chromosomes (4.59 jx) with 
sub-median centromere.

i (Chromosome IV and VIII)
Two pairs of median chromosomes (3.86 and 3.50 Ji) 
with median centromeres.

i (Chromosomes V to VII)
Three pairs of median chromosomes (3.82jti, 3.82 )i 
and 3.68 ja) with submedian centromeres.

t (Chromosome IX)
A pair of median chromosome (3.18 ja) with terminal 
centromere and satellite on short arm.

i (Chromosomes X and XI)
Two pairs of median chromosomes (3.18 jx and 3.00 ji) 
with sub-terminal centromeres.

i (Chromosome XII)
A pair of short chromosome (2.70 ji) with median
centromere
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TYPE I t (Chromosome XIII)

A pair of short chromosome (2.55 jx) with sutoterminel 

centromere and satellite on short arm.

TYPE J t (Chromosome XIV)

A pair of short chromosome (2.22 ja) with subterminal 

centromere.

TYPE K i (Chromosome XV)

A pair of short chromosome (1.50 ^i) with submedian 

centromere. This is the shortest pair.

Observations and Discussions i

The Coleus forskohlii member of Labiatae has chromosome 

number n * 30 (Plate 5). The ldiogram of the karyotype that has 

been studied in this species is given in the Fig.l. The morpho

logical features of somatic complement such as chromosome length, 

arm ratio# 'i* value# centromeric position are given in the 

Table 1. The karyotype formula is i-

K (n)
StA + b" + c“ + m2D + 3." + F* ♦

__st20 + !**♦ J* ♦ k"

The range of variation of chromosome length in u is 

from largest to smallest# 5.04 to 1.5 ju.

In other words being dicotyledonous member# the chromo

some sise is relatively small. Eight pairs of chromosomes in
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the complement has more or less median or submedian centromere. 
The 9th pair has a subterroinal centromere and 13th pair is a 
SAT chromosome. The complement does not appear to have nucle- j 
olar organiser or secondary constriction.

Because of the importance of family Lablatae some 
members from Central India have been studied for their eytolo- 
gical investigation by Bir and Saggoo (1982). ^hey collected 

16 economically important species of Pachamarhl hill of M.P. 
for the cytological investigation. Out of which 5 species 
namely Leucas molllsslma. n » 14; Mlcromerla cape tel lata,n * 24; 
Plectranthus mollis, n * 14; Pogostaroon purpurescens, n * 16 and 
Salvia coccinea. n » 11; Coleus barbatus. n « 17; Lavandula 
biplnnata, n ■ 20; Ocimum canuro, n « 40; Qcimum sanctum, n * 18; 
Hvptla sauveolens. n « 14.

It is noteworthy to mention here even different species 
belonging to the same genus do not have the awe chromosome 
number and these collections of Bir and Saggo do not include 
Coleus forskohlil which has n * 15 chromosome. That means Cole
us forskohlil and Coleus barbatus both are known to be very 
closely related. Two species which do not have the same chromo
some number reflecting thereby the possible role of polyphoidy. 
More precisely with n * 17 in Coleus barbatus and n * 15 in 
Coleus forskohlil is a clear reflection of aneuploidy playing 
a role.
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Bahl and Tyagl (1988) made a karyotypic study of 

Colaua forskohlii, not based on the somatic preparation 

but on pachytone chromosomes. Because of the length of 

the pachytene chromosome, it is not possible to compaircthe 

karyotypic pattern with respect to the size of the chromosome. 

Nonetheless variation in chromosome among the known species 

of Coleus provides hope of identifying a genetic marker for 

high terpenoid content used by pharmaceutical Industry as a 

drug. Alternatively it also opens up a new horizon for 

raising interspecific hybrids for higher forskolin content.

As such these plants can easily be propogated by clonal 

cuttings.

B) Inorganic constituents i

As mentioned earlier some of the minerals profoundly 

influence the alkaloid content or the. drug in question, of 

the plant. In the recent years a sharp manipulation of drug 

yield with nutritional manipulation of the mineral is accomp

lished. The role of trace element by and large has a profound 

Influence to play on the drug content of the plant. For in

stance Oaslc et al. (1978), in Zeckoslovakia raised collection 

of Colchlcua autumnate along with the soil samples. They analyse 

the mineral content especially the trace element such as Cu, Zn, 

Mn of the soil and the colchicine content of the tuber. They 

establish a positive correlation between these trace elements
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on the total alkaloid content. Zn order to manipulate the 
forakolin content of Coleus forskohlii under artificial 
condition, the tooth root tutoer as well as leaf mineral 
contents have been analysed. The minerals that analysed 
Cu. Co. Ca. Mg. Mn. ?e, Zn.

Calcium t

Calcium content of both leaf and the root analyse
separately, are given in the Table 2* It is evident that
calcium content of the leaf is much higher than the root.
Zn other words leaf of the Coleus forskohlii has 3 times
higher amount of calcium than in the roots, this may be
possibly because root tuber in Coleus forskohlii mainly
functions as a storage organ of reserved food. The mineral
absorption, though is carried out by the roots as well as
adventitious roots it is transported to the leaves because of
the pulling force of transpiration stream. The leaf is a
metabolic center. Whether it is a stored food or any other
compound the basic skeleton is being built in the leaves and
subsequently transported to the storage organ. The low
calcium content of the root means the amount of calcium pumped
in the leaf is partly secured in the root. Zn other words the
calcium requirement of the plant appears to be much higher i.e.
4.75% in the leaf and 1.52% in the root (Table 2). This is

2+indicative of the fact that Ca rich soil perhaps facilitates
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batter growth of the Colette forskohlli. It le needless to
2+mention here that Ca is a very important mineral which 

influences wide variety of plant metabolism.

Magnesium t

Magnesium is another divalent cation which is
2+indispensible for plants. Nonetheless unlike Ca it's

requirement is much low. It is highly mobile element.
2+The analytical data of Mg of roots and leaves are given

2+in Table 2. The leaf has 1.21% Mg as expressed on the
dry wt. basis while the root has 0.85% (Table 2). Although,
leaf is a photosynthetic organ, where the chlorophyll is

2+there with a Mg and porphyrin ring, there is relatively
2+less difference between Mg content of the leaf and the 

root. This reflects on the fact that greater amount of Mg 
received at the leaf site through transpiration is being 
retraslocated to the roots possibly because of its requirement.

Orunwald (1975) while reviewing the work on plant
sterol pointed out that, mavalonic kinase and phosphomavalonic
kinase ensymes are key ensymes of sterol synthesis and their

2+ 2+activities are dependent upon Mg and Mn • Obviously there
fore, the high Mn content of a non-photosynthetic organ, the 
root tuber of Coleus forskohlil may be correlated with the sterol 
synthesis.



GO

Manganese <
2+Mn is • member of the trace element group and hanca

its requirement is in traca only. Although, it's requirement
is in traca, it is an indaspensibla divalsnt cation. The vary
electron transport process of photosynthesis is dependent upon 

2+Mn • Besides number of reactions such as amino acid metabolism,
2+alkaloid and steroid metabolism are dependent upon Mn .

The analytical data of leaf and root organ of coleus
2+forskohlil are given in Table 2. Similar to that of Mg there

2+is greater proportion of Mn distributed in the leaf while in
2+the root it is only 1/4th of the total Mn content of the leaf.

As mentioned earlier the leaf is a centre of metabolic activities
and hence its requirement of mineral is always higher. Honethe-

2+less the root Mn content of 0.0128% is a sizeble amount.
2+Similar to that of Mg , Maganese is known to 1m required as a

co-factor for mavalonio kinase and phosphomavalonlc kinase
enzyme. According to Tchen <1958) and Williamson and Kekwick
(1965) amongst the two elements Mg2* and Mn2* which are known

2+to promote enzyme activity, the Mn has been shown to be more
2+effectlve than Mg . This means it is a very important mineral 

so far as sterol biosynthesis is concerned.

Iron t

Iron is also the member of trace element group.
Amongst the trace elements ye participate in number of 
reactions. The very structural integrity of cytochromes
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2+is dependent upon Fe . It is powerful member of the redox 
system. The analytical data of root and leaf# iron content 
are given in Table 2. The values of iron content indicates 
that the leaf has slightly higher amount than the root. That 
means the leaf has 0.5% iron while the root has 0.3%. In 
other words much of the iron received at the leaf site is 
retranslocated through phloem to root system.

Zinc i

This member of the minor element group is very important
onei which profoundly Influences the synthesis of growth hormone
and auxins. The analytical data of leaf and root given in the
Table 2 clearly indicates that unlike other elements# root has
high proportion of 0.0^1% while leaf has only 0.074%. In other

3+words# the greater amount of Zn is translocated to the root*
It is needles to mention here that Zn3+ controls the auxin 

precursor tryptophane. Mow a cyclic aromatic amino acids also 
play a pivotal role to the formation of carbon skeleton in 
complex sterol alkaloids and terpenes.

Copper i

Copper is another important trace element whose
requirement is in very very small quantity. The root and
leaf Cu content are given in Table 2. The leaf has 0.038%
while the root of Coleus forskohlli has 0.03%. In other

2-i-words the distribution of Cu in the leaf and root is more



or loss on par in as much as its requirement. Gasic et al.
(1978) have shown the correlation between the soil copper
content and colchicine content of the Colchicura autunnale.

2+This study clearly indicates that Cu has certain critical 
role to play in alkaloid metabolism. It is well known that 
alkaloid or sterols or such other secondary metabolites, are 
basically synthesised in the organ other than leaf, possibly 
in the root systems. This may be the reason as to why copper 
is traceble in sisable quantity in the root.

Cobalt t

Although cobalt has no much greater significant role
to play in alkaloid metabolism, it decides the very integrity

3+of ensyme nitrogenase. The root and leaf Co analysed is
given in Table 2. Leaf has 0.018% while the root has 0.014%.
In other words this trace element is stored in the slsable
quantity in root system. Greater correlation exists between 

3*t*Co content and nodulation in leguminous plant. Nonetheless, 
there are evidences to show that nonnodulus plants also fix 
the nitrogen. In the absence of sufficient evidences the 
Cobalt can only be linked with nitrogen metabolism of this 
plant.

b) Nitrogen content i

Nitrogen status of a plant is one of the important 
decisive factors which profoundly influence the yield and
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the quality. Tha yield may be a sink product or biomass, 
both are important from point of view of quantitative deter
mination. therefore, the nitrogen content of the leaf and 
root tuber has been estimated from the dry samples of this 
plant and presented in Table 3.

Table 3 i Nitrogen content of the leaf and roots
of Coleus Forskohlil.

Organ Moisture
percentage N content (mg/100 g dry tissue)

Leaf 90.2 418.0
Root 87.8 744.0

The results clearly Indicate that the fleshy leaves of 
Coleus forskohlil have very high moisture content of 90.20% 
while the roots have low moisture content. So far as nitrogen 
content is concerned it is 418 mg/100 gm dry tissue in the 
leaf, while it is 744 mg/100 gm dry tissue in the roots. Zn 
other words the values of nitrogen though appear to be low in j

tthe leaves this is only because of high moisture content, whilel 
the roots are also fleshy and functions as a storage organ. 
Nitrogen is relatively higher but the overall status, if not 
discouraging it is not very encouraging. In conclusion it may 
be said that the nitrogen status of Coleus forskohlil is very

\ i ■ •* i i i , f

S'vV' CL ^ JLX-N? vO; * 41 a-ji IK-T1"",-' ""

Jlr-C CK~e c * r-< \ \ . r..,, ' r • ’’ 1
r „ /• ' \ . v ■ .

*-t '/**



poor. Therefore, application of nitrogen may improve the 
nitrogen statue of plant.

C) Effect of MPK trial on the root and shoot biomass yield t

It is needless to mention here in Coleus forskohlll 
the sink organ is root for the drug, forskolin is mainly 
extracted from the root. Nevertheless the aerial part that 
is shoot is the main biomass earning region through photosyn
thesis. As a corollary# therefore, the growth of the aerial 
part in any given genotype, by and large can be used as an 
index, determining the biomass yield of the root, unless it is 
genetically defined as a nontuberous type. The optimization of 
NPK is essential for maximization of biomass yield. Therefore, 
in the present investigation NPK trials has been taken to specify 
the dose. The results are presented in Table 4.

a) SjS.ISSt^bianass^yield
The three main MPK trials taken are in the proportion 

of 70*50t50, 50*70*50 and 50*50*70 Kg/hect. respectively.
These trials have been taken in three replicates. The mean 
values are computed for their significance. Amongst, the three 
doses of NPK trial the 1st dose 70*50*50 has yielded 550 grams 
of root/plant, the second dose 50*70*50 yielded 650 granv/plant 
and the third dose with 50*50*70 yielded 825 grams of root^plant, 
while the control yielded 6^8 grams/plant (Table 4). The results 
clearly indicate the high nitrogen content and relatively low 
phosphorous and potash content has reducing effect, while the
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Table 4 t Effect of different dose* of NPK on the root and 
shoot biomass yield of Coleus forakohlii 
(Expressed in g fresh tissue per plant).

Treatment Boot yield , 
grams t' value Shoot yield _4 ,grams ***

Control 608
(28.80)

s e 01 558 n.s
(19.50)

E i P i K 
70 * 50 t 50 

kg/ha.
550

(29.30)
n.s 625 n.s

(21.80)

N i P : K 650
50 * 7 0 i 50 f31 2£nkg/ha. '31,20)

i1

m•c 560 n.s
(28.90)

M l P » K 
50 i 10 9 70 kg/ha.

825
(38.50)

3.42 * 870 4.12 *
(22.80)

* Significant at 5%.
Values in parenthesis are S.E.



high phosphorous has a beneficial effect. On the other hand 
keeping the nitrogen and phosphorous level low, if the potash 
level is increased the root biomass yield significantly incre-

iases. This leads to conclude that Coleus forskohlil requires 
more K or yields better root biomass in the K rich soil. This 
observation has certain bearing even with the nitrogen status 
of the plant. Our earlier result with the nitrogen status 
determination has clearly indicated both leaves as well as the 
roots have low nitrogen content and high moisture content. 
Perhaps the plant species is not a nitrophilous one, therefore, 
the very nitrogen requirement of the plant itself is low, and 
hence high nitrogen content of the soil is not required for 
better cultivation.

Mothes <1955) reviewing the work on alkaloid metabolism 
in plants emphasized that nutritional conditions greatly influ
ence the alkaloid concentration and total alkaloid content of 
any plant. He pointed out that K has a positive effect on 
alkaloid production and N influences the alkaloid content. This 
justifies therefore, in the present investigation as to why high 
K application leads to high yield of roots.

b) Shoot ^biomass yield

The effect of MPK trial on shoot biomass yield is 
presented in Table 4. ?he values given in the table clearly 
indicate that, amongst the three different doses of MPK 
namely 70t50i50, 50s70t50 and 50s50i70, the 3rd dose resulted
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Table 5 t Effect of different doses of HPK on relative 
forskolin content of Coleus forskohlii.

Treatment
Kg/ha.

Forskolin content 
(spot intensity)

Control ♦

70 i 50 t 50 ++++
N l P * K

50 i 70 * 50 44
M t P t K

50 * 50 * 70 t- i t 1 A-TTTTT

M l P » K

Standard forskolin 444



Plata 6 s TLC plata of forskolin content exhibiting 
•ffoct of dlfforont doses of MPK
1) Standard
2) Control
3) II i P I K

70 t 50 t 50
4) N t P I K

SO i 70 t 50
5) If t P t K

50 i SO t 70

Plata 7 t Plata showing affact of Potassium on 
root tubar
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into 870 graiq/plant average shoot biomass yield, while 50 *70150 
and 70*50*50 have yielded respectively 560 and 625 grains/plant.
The control has yielded 558 gram/plant, this means neither the 
increased nitrogen content nor the increased phosphorous content 
stimulated the biomass yield of shoot, but the increased K con
tent, similar to that of root biomass also stimulates the shoot 
biomass. Perhaps the better growth of the aerial part with 
increased photosynthetic leaf area may also be contributing to 
the increased biomass of the shoot as well as the root.

AS indicated by Mothes (1955) nutritional conditions 
especially with K greatly influence the alkaloid content.
Coupled with the fact that, increased biomass with increased 
alkaloid content especially with the K nutrition greatly benefit 
the yield.

c) feet.of,H|K^nutrlent^on,the^forskolln content

The forskolln content analysed from the root of the 
plants raised on different doses of NPK by TLC method is 
presented in Table 5 and Plate 6. It is clear from the result 
that those which have received high potassium content rather 
than those which have received more nitrogen or more phosphorous. 
In other words K nutrition stimulates not only high biomass yield, 
but even the sink product of the root forskolln. Therefore, 
application of high K content and low N and P is recommendatary 
in harvesting the better yield of roots and high forskolln
content



D) Mutation breeding t

Since the discovery that high energy radiations such 
as x-rays and Gamma radiations double the rate of spontaneous 
nutation (Muller 1927), the Importance of radiation in isola
ting useful mutants both from seeds as well as cuttings has 
greatly enhanced the improvement of crops. Isolation of the 
clonal mutants by irradiating the buds in vegetatlvely propo- 
gated crops has been in vogue and this has resulted into many 
horticultural varieties of ornamental plants, as well as plants 
of medicinal importance. With a view to isolating a useful 
mutant either in giving a high biomass yield or increased for- 
akolin content in the root tubers, the cuttings of Coleus 
forskohlii having axillary buds have been subjected for 
irradiation.

The entire schedule of mutation breeding study is as
follows.

To identify ideal dose which could yield useful muta
tion without causing lethality in the first instance, following 
doses were chose4^.They are, 500 R, 1000 R, 1500 R, 2000 R, and 
2500 R, for each of the dose 60 freshly harvested cutting were 
exposed at Bhabha Atomic Research Centre, Trombay, Bombay. Bo 
sooner were they received they were planted. Out of the 5 doses 
chosen only those lots which received 500 Rad servive. Amongst 
the rest few sprouted but long before they establish, died. In 
other words the mortality is very high in the cutting which have
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Plats 10 Mutants raised from Oanraa-irradiated stock

Plate 11 « TIG pists showing separation and content of 
forskolin exhibiting the offset of Oasne- 
radiation

1) Standard

2) Control

3) Mutant Mo.l

4) Mutant Mo.2

5) Mutant No.3
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received more than 500 Rad . Amongst those which received 

500 R the servival rate is 97%. These were raised in the 

same way as the check plants as Mi generation. They did not 

exhibit any external morphological deformities in the Ml phase.

M2 population i

From the Ml population which have received 500 Rad 

cuttings were raised for the M2 generation and they were 

kept under close observation for any external morphological 

mutant characters. However, no altered morphology could be 

seen from the 6 month old M2 clonal population. When harvested 

after 6 month, the roots and shoots were separated and the bio

mass yield/plant was recorded. The forskolin alkaloid from the 

root of M2 population was chromatographycally Isolated by TLC 

method. The values of biomass yield and forskolin is given in 

Table 6. From the table it is evident that there is increase 

in the root yield/plant upon the control when irradiated, while 

there is no much greater difference in control and irradiated 

stock so far as shoot biomass is concerned. On the contrary 

with radiation exposure there is reduction in the aerial shoot 

biomass.

a) Effect__of_Gamma-irradiation_on_forskolin_content t

The forskolin content in the roots of M2 population 

has been isolated by TLC method and depending upon the colour 

intensity they have been quantified and the values are

in the Table 7. It is evident from the result that jKmsr' A
h:II w: ubfuhyJ;*!

muum KHAKUM UBftMSI
* ?!V UNIVERSITY. KOLUAHItt.



Table 6 t Effect of 500 R Gamma-radiation on root and 
shoot yield in coleus forskohlll.

Plant
organ

Expressed as g fresh weight/plant
Moisture
percentage Control Irradiated 

500 R M2 
generation

*t* value

Root 87.0 689 748 2.12 *
Shoot 89.4 695 629 n.s.

* Significant at 5% level e

Table 7 t Effect of
forskolin
forskohlii

500 R Gamma-radiation on relative
content of roots of Coleus

> •

Samples Content of forskolin 
(spot intensity)

Control +
Standard
Mutant 1 +++
Mutant 2 ++++♦
Mutant 3
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forskolin content in the irradiated stock has increased almost 
4 times of the control (Plate 11). This raises the hope of 
isolating this mutant for high forskolin content. The precise 
quantitative determination, either by the GLC or by HPLC method 
will better project light on the reality of the situation. The 
increased forskolin content in the irradiated stock may either 
be due to stimulated activity of enzymes concern or due to high 
transcription level at the genetic site. Stability of the mutant 
character with respect to forskolin persuaded for the future 
clonal generation may clarify the possibility.

b) m«£t_of__Gamma-irradiation_on__the_stomatal_behaviour t

It is well established with the mutation study that the 
primary effect of mutagens is readily exhibited by the stomatal 
behaviour and morphology. Therefore, it has been a practice to 
examine stomata primarily, before the irradiated stocks are 
assessJfor their chromosome morphology and the other effects. 
Therefore, with the help of steady state porometer the stomatal 
behaviour of irradiated stock and the non-irradiated stock has 
been assessed and given in Table 8. For the purpose in each of 
the case 4 matured leaves at random were chosen. The stomatal 
parameters recorded are diffusive resistance for water vapour, 
transpiration rate and diffusive resistance for C02.

What is evident from the result is that in the irradiated 
stock, diffusive resistance for C02 has increased, while the tra
nspiration rate has decreased. This is a clear indication that.
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although, the radiation effect of 500 R la not peraievable 
externally by way of morphological alteration, the change in 
the atomatal behaviour, is indicative of the penetrance level 
of radiation. However, what concerns is, increased, diffusive 
resistance to C02 ** no* * desirable effect,

2+ 2+E) Foliar application of Mg and Mn *

It has been shown that some of the minerals especially 
of the trace element group profoundly Influence secondary pro
ducts of the plants such as alkaloids,steroids, and terpenes 
etc. Gasic et al.(1978) have shown a good correlation between 
Cu, Zn and Mn content of the soil and colchicine content in
Colchlcum autumnale. Tchen (1958), Williamson and Kekwick

2+ 2+(1965), have also shown that Mg and Mn profoundly influence 
a activity of enxymes of sterol metabolism. These studies open 
a new vistas in the direction of acheiving increased secondary 
product metabolism by facilitating foliar absorption of required 
trace elements. As such there is exhaustive literature available 
on the effectiveness of the foliar application of micronutrient 
and accomplishment of yield.

The result of such study have been presented in Table 9.
2+ 2*4*For foliar application only Mg and Mn at a concentration of 

50 and 100 ppm have been chosen. The results indicate that the 
root and the shoot yield in control are 600 and 612 gras^plant 
respectively. Whereas, the root yield when 50 and 100 ppm of



Ta
bl

e 
9 

i E
ff
ec

t 
of
 f

ol
ia

r 
ap

pl
ic

at
io

n 
of

 M
g a

nd
 M
n o

n 
sh
oo
t 

an
d 

ro
ot
 y
ie

ld
 o
f

0
•H

8

1
1111» i1 1i 1» 1

i a s 1
i a 0, 1

0. 01 1i *** 1
1 o o M 1t m to o ■e 1 •*i rl • 1 «** •
i + + CD N 1 r* CMi d CM Cl 1 CM
| 9 s 1 ■v—^
| X X 1■
! + 1i 1il 0 1i

P I 0, *«N 9ie 1 + 0. o i o<0 IN e* e* t *♦ <©H 1 0 O vo • i CD •
0. l X o « Cl i vO VONj. I «-< m i ror I i v«*
3 I in l in I i•H i iP i1 i
jC ' e in i + O. CD i in
e id o, cm v0 I CM in
M 1 c m • i O •

1 X o vo m i vO CMi m <n t >eNm i is ■i iM i i0» i ii a ia * i m•rl m «*» i vO m
id cm • i ifl *

no 1 9 O <o Ov i m CO
r~i i X o H i CM
e 1 rt iyl 1 i►« 1 »1 i1 i1 + 6 m i oid a CD rl i V0 o1 0i o, tfi • i 9 •

l X «n o i m 0V
1 8 ii «*>
i ii
! ii1 H i
1 P o i e*i *5 o m » CM r*1 p vo • i rl •
1 c VO rl i vO Ov
1 Q i CM

0 ti ii iiii
ii

p c

1iiiii P0 e p i 0e oi 0 i QH M Q i £
O' 0 iii»»i

CD

m
03
•u
m

n
9
S
eu
m8*
«e3H£>

7U



2+mg sprayed is, respectively, 558 and 625 grains/plant and
the shoot biomass yield is respectively 586 and 556 grams/

2+plant. In other words the Mg foliar application does not
2+appear to be encouraging, although with 100 ppm Mg the

root yield has Increased by 25 gram over the control/plant.
2+So far as Mn foliar application is concern the root biomass

yield is 652 and 664 grams/plant respectively in 50 and 100 ppm
2+ 2+sprayed plants. When mixture of 50 ppm Mg and 50 ppm Mn is

sprayed the average root yield has increased to 810 gran/plant
which is more than 30% that of the control. Similarly the shoot
biomass yield has increased from 612 gran/plant in the control
to 734 grama/plant. This increase is 20%. The significant
increase in biomass is certainly going to contribute for the
over all yield of forskolin content and raises the hope of
Increasing productivity in terms of drug yielding organs. Since,
it is known that some of the key enzymes of sterol biosynthesis
such as mavalonlc kinase and phosphomevalonic kinase are stimula
ted by Mg2* and Mn2* (Tchen 1958, Williamson and Kekwlck 1965),
quantitative determination of forskolin has been carried out by
TLC method and presented in Table 10. Although TLC method is
not as precise method of quantification as GLC and HPLC, in
absence of these later facilities TLC method has been adopted.
Nevertheless fairly good quantification by the intensity of
spot could be achieved, it is clear from the Plate 12 aa well

2+as table IQ that, 100 ppm foliar application of Mg has
increased forskolin content 4 times of the control while the



Plate 12 : TLC plate exhibiting the effect of foliar
2+ 2+spray of Mg and Mn on forskolin 

content

1) Standard

2) Control

3) Mn (50 ppm)
4) Mg (50 ppm)

5) Mn (100 ppm)

6) Mg (100 ppm)

7) Mn (50 ppm)
Mg (50 ppm)
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mixture of Mg and Mn 50 ppm each has stimulated 5 times 

of the control (plate 12).

2+ 2+
Table 10 i Effect of foliar application of Mg and Mn

on relative forskolin content of roots Coleus 

forskohlii.

Treatments Content of forskolin 
(spot intensity)

Control 4-

Standard forskolin 4-4
24-

Mg (50 ppm) 44

Mg2* (100 ppm) 4444

Mn2* (50 ppm) 4*4*

2+

Mn (100 ppm) 44

Mg2+ (50 ppm)
4 44444

Mn (50 ppm)

The increase in the root biomass and the shoot biomass

with the increase forskolin content raises the hope that, by

foliar application of essential nutrient accomplishes increased

yield of the drug and biomass. Lugade (1987) tried with foliar
2 <4- 24-

application of Mn and zn and achieved increased colchicine



content in the tubers of Qloriosa rothschildiana. It Is 
therefore, concluded that rather than applying at the root 
zone requisite nutrient applied to the plant over leaf 
foliage has a better effect.


