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1. CHLOROPHYLLS t

Chlorophyll oonttnt is on* of the lost 
iaportant physiological paraaatar bscsust it dataralnaa 
tha rata of photoaynthaaia. Chlorophyll contant is 
influanoad by tha environaant in which plant grows.

It is avidant froa Tabla 1 and Fig. 1 that in 
Haohrolspis axaltata Schott, total chlorophyll contant 
is aora during vagatativa staga than tha raproduotiva 
staga. In rachis, it is claar that tha valuas of total 
chlorophyll in vagatativa staga ara 49.132 sg lOO-1 ga 
of frash satarial. This valua is dacraasad during 
raproductiva staga and it is 25.784 sg par 10O ga of 
frash plant aatarial. This Tabla also shows that 
during vagatativa staga total chlorophyll contant in 
laaflat is 195.896 sg par 100 ga of frash tissua and 
this valua dacraasas upto 85.372 sg par 100 ga plant 
aatarial during raproductiva staga.

In Svanootaris contaainans Badd. also tha 
saaa pattarn of chlorophyll contant is obsarvad. Tha 
total chlorophylls ara aora in vagatativa staga than 
tha raproduotiva staga. In starila rachis and atarila 
laaflat chlorophyll contents ara aora in vagatativa 
staga than tha raproduotiva staga. Tha total 
chlorophyll in starila rachis ara 231.938 ag iOO-iga 
and in laaflat ara 285. 168 ag 100 ga of frash 
tissua. This valua dacraasas in both starila rachis
and starila laaflat during raproductiva staga and it is
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•bout 48.39 100"1 ^gr^and 185.24 mg pmr 100 gm of
frmmh material in aterllm rachim and mtarilm lmaflmt in 
rmproduotivm mtagm.

The total chlorophyll content decreases in 
the reproductive stage. The fertile rachim and fertile 
leaflet of ft*. ■hove very learn total
chlorophylls 36.24 mg 100~* gm of fresh plant material 
of fertile rachim and in fertile leaflet the 
chlorophylls slightly increase 37.042 mg 100-i gm of 
fresh tissue.

From this it is clear that during 
reproductive stage in rachim and leaflet total 
chlorophylls decrease while they increase in vegetative 
stage of both the plants IL*. exaltata and JL_ 
contaminans.

Vyas and 8.8r Sharma (1988) studied the 
phytochemistry of Rajasthan pteridophytes. Table - 3 
shows relationship among chlorophyll a, chlorophyll b, 
and total chlorophylls in different ferns and fern 
allies collected from various places throughout 
Rajasthan. Chlorophyll a, chlorophyll b and total 
chlorophylls are calculated by using Arnon <1949) 
formulae. Mlanlttl lanulatum. Marsilea mlnuta and 
IftBlJUAl. have more chlorophylls in
comparison to narrow, reduced and coriaceous laminated 
forms such as EflMlgglMa AfiMnABBittElg
radiata. Pteris vittata. The proportion of chlorophyll 
'a' is more than chlorophyll 'b' in reduced, coriaceous
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Rnchis Leaflet
VeGCTATIVt STAGC

Rochis Leaflet
RCPAOOUCTIVt STAGC

FIG. NO. 1 CHLOROPHYLL CONTENT OF Nephrolepis exaltata
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plant parts

FI 6 NO- 3 CHLOROPHYLL CONTENT IN THE REPRODUCTIVE STAGS

OF Gypwoptefts. contaminans Bedd.
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TABLE 3
STUDY OF CHLOROPHYLLS IN DIFFERENT SPECIES OF FERNS AND 
FERN ALLIES COLLECTED FROH VARIOUS PLACES THROUGHT 
RAJASTHAN (Vyas and Sharma, 1988).

Nana of plant Chlo.a 
gm/lit

Chlo.b 
gm/lit

Total chlo 
gm/lit

Eauisetum ramosissium 0. 85 0. 82 1.67
Harsilea minuta 2. 41 2. 17 4. 59
H. aeavDtlaca 1. 92 1.21 3. 14
ActinioDterie radlata 1.80 1. 14 2. 92
Pteris vittata 2.81 3.00 5. 76
Cheilanthes farinosa 1. 72 1.64 3.36
Adiantum lunulatum 2.60 2. 98 5. 57
A. incisum 1. 50 1.02 2. 52
A. caDillus-veneris 1. 43 1.00 2. 44
NeDhroleDls cordifolia 1.00 0. 73 1.71
HvDodematium crenatum 1. 45 2. 31 3. 76
Techtanla coadunata 
(I. macrodonta)

0. 73 0. 56 1. 38

CvcloaoruB dentatus 1. 74 1.06 2.81
AsDlenlum oumilum 1.61 2.50 4. 16
Aralosteala Dseudo- 
cvstoDteris

1.46 1.90 3. 28
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laainatad loraa in eoapariaon to aoft and broad 
laainatad typaa. on tha othar hand chlorophyll 'b' 
occura in aora aaount than chlorophyll 'a' in broad 
laainatad foraa aa Adiantua lunulatua. Hypodaaatiua 
cranatua, Tactaria aacrodonta ate.

Shatty (1971) atudiad chlorophyll contanta in 
Acroatichua mrftWR aalina and non aalina conditiona. 
Tha non aalina laavaa contain aora chlorophyll than tha 
aalina onaa.

2. TITRATA1LE ACID NUMBER <TAN> t

Tha TAN valuaa in roota, atolon, rhizoaa, 
rachia and laaflat of §[*_ axaltata during vagatativa and 
raproductiva ataga ara racordad in Tabla 4. Tha TAN 
valuaa in vagatativa ataga of jL axaltata ara aora than 
tha raproductiva ataga. During vagatativa ataga atolon 
and rhizoaa ahov aora TAN vhila roota and laaflat ahov 
laaat tha TAN valua. At raproductiva ataga aore TAN ia 
obaarvad in rachia vhila laaa in roota. Thua thara ara 
dafinita variationa in TAN valuaa in all tha parta.

Tha TAN valuaa in roota, rhizoaa, rachia, 
laaflat, fartila rachia and fertlla laaflat of G. 
contaainana during vagatativa and raproductiva ataga 
ara racordad in Table 9.

Tha TAN valuaa in vagatativa ataga of G. 
contaainana ara aora in rhizoaa (34.2) and laaa in tha 
laaflat. Tha TAN valuaa during raproductiva ataga of



TABLE 4
TAN CONTENTS OF Neohrolepls exaltata IN VEGETATIVE AND 
REPRODUCTIVE STAGE.

Plant
parts

Vegetative
stage

Reproductive
stage

Roots 22.988 17.420
Stolon 34.482 26.735
Rhizome 34.482 25. 742
Rachis 28.735 27.988
Leaflet 22.98 21.420

Note : Values are expressed in, gm/100 gmof fresh 
tissue.
TAN (Titrstable Acid Number) represents 
the number of ml of decinormal NaOH 
required to neutralize the acid contents 
from 100 guts of fresh material.



TABLE 5
TAH CONTEXTS' OF GvmnopteriB contaminana IN VEGETATIVE 
AND REPRODUCTIVE STAGE.

Plant
parts

Vegetative
stage

Reproductive
stage

Roots 15. 4 11.494
Rhizome 34. 2 28.335
Sterile 17. 1 25. 861
rachis
Sterile 14. 25 28.735
leaflet
Fertile - 31.608
rachis
Fertile _ 31.608
leaflet
Note : Values are expressed in gm/100 gm of fresh

tissue.
TAN (Titratable Acid Number) represents 
the number of ml of decinormal NaOH 
required to neutralize the acid contents 
from 100 gms of fresh material.
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G. contwimna art highest in the sterile leaflet and 
fertile leaflet and less in the roots. There is 
definite variation in TAN in all parts. ^ exaltata in 
general shows More TAN than contasinans.

Shetty (1971) has studied the effect of NaCl 
on TAN in Acrostiohus aureus. He has observed that TAN 
increases with increasing concentration of NaCl upto 
0.02 m, where the TAN is the highest. Afterwards the 
TAN decreases with increasing concentration of NaCl.

TAN gives an idea about the acidity status of 
the plant tissue. Asong various organic compounds, 
organic acids are of considerable importance because 
major organic acids like malate are the intermediates 
of TCA cycle. Further they provide carbon skeleton for 
synthesis of number of important metabolites. Organic 
acids can be regarded as a link between the 
carbohydrate metabolism, respiratory process and 
nitrogen metabolism of plants. Osmond <1967) has 
indicated that oxalic acid may play an osmoregulatory 
role in AtriPlex.

3. CARBOHYDRATES t

The values for reducing sugars, total sugars, 
starch and carbohydrates in Nephrolepis exaltata in 
vegetative stage and reproductive stage are recorded in 
Table G and Fig. 4 and Fig. S.

It is clear from the Table 6 that the



reproductive parts of plant contain more starch, total 
sugars and carbohydrates than the vegetative ones. 
However, the reducing sugar is also more in 
reproductive parts. Only leaflet shows less proportion 
of total sugars and carbohydrates in reproductive 
stage. The carbohydrate content in rachis is more 
than that in the leaflet, rhizome, stolon and roots.

The values for reducing sugars, total sugars, 
starch and carbohydrates in different parts of 
Gvmnopteris contaminans in vegetative and reproductive 
stage are recorded in Table 7, and Fig. 6 and Fig. 7.
From these tables it is clear that in the vegetative

TatAVstage^carbohydrates are more in the rhizome and less in 
the sterile rachis. The sterile leaflet in the 
vegetative stage shows more carbohydrates than the 
sterile leaflet of reproductive stage. In the 
reproductive stage sterile rachis and sterile leaflet 
contain more carbohydrates than fertile rachis and 
leaflet. But in both the stages reducing sugars are 
less than the total sugars, starch and carbohydrates.

Gymnopterls contaminans in general contains 
more carbohydrates than that of Nj. exaltata.

Shetty (1971) have, observed in Acroetlchum 
aureum that the saline plants (ferns) contain more 
starch, total sugars, and carbohydrates than the non 
saline ones. However, the reducing sugar is more in 
non saline leaves. The carbohydrate contents in roots 
are more than the leaves and rachis. The distribution
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of sugars and carbohydrates follow the similar trends 
in saline and non saline plants.

Vyas and Sharsa (1988) studied reducing 
sugars and total carbohydrates in fourteen species of 
ferns collected froi various places throughout 
Rajasthan. Similar to proteins, the amount of 
reducing sugars and total carbohydrates is much more in 
the vegetative fronds in comparison to the fertile 
ones. In other words, reducing sugars and total 
carbohydrates minimise during the production of 
sporangia. Amongst the types studied Adiantum lncisum 
showed the maximum amount of reducing sugars (18.0 
mg/gm) and Asplenlum pumllum. the minimum (00.2 mg/gm>. 
There is neither any relationship between leaf 
morphology and reducing sugars nor with the ecological 
adaptati ons. Tectaria macrodonta which has well 
developed lamina possesses very little amount of 
reducing sugars in comparison to the dissected narrow 
laminated plants of Adiantum lncisum. Similarly 
Harsilea aeavptica , a terrestrial plant has very 
little amount of reducing sugars while the other 
terrestrial plant like Actlnlopteris radlata has quite 
high concentration of reducing sugars.

There is no relation between reducing sugars 
and the total carbohydrates present in different 
species of pteridophytes. Adiantum lncisum possesses 
maximum amount of reducing sugars both in vegetative
and fertile fronds while it has minimum total
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DISTRIBUTION OF CARBOHYDRATE CONTENTS 
IN DIFFERENT PARTS OF N exattata IN 

REPRODUCTIVE STAGE
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carbohydrates, in its sporophylls, Araiosteaia 

pseudocvstopteris possgssss the maxisum total 

carbohydrates and Asplenium pumilum the minimum.

However, soluble proteins and carbohydrates 

are maximum in the rhizomorph except in Isoetes 

reticulata and the chemicals reduce considerably in the 

sporophyll. In green vegetative portion of leaves 

carbohydrates occur in sufficient amount, on the other 

hand reducing sugars are maximum in green leaves and 

less in rhizomorph as well as in sporophyll.

Our observations are on the similar lines. 

During the vegetative and reproductive stage the 

reducing sugars are less while other sugars are more.

4. PROLINE t

Drought resistant ferns possess more 

concentration of proline than the aquatic or moisture 

loving plants. Proline influences stress probably 

through its effect on the degradation of chlorophylls
.a',

and accumulation of carotenoids in ferns. (D. Rathore
i

, ■ £ *
and^B. D.; Sharma, 1988) ' . -

Ucy' Table 8 and Fig. 8 show the proline content

in different parts of Meohrolepis exaltata in 

vegetative and reproductive stage. From the table it

t r
IV

is clear that prollne content in general is more in the 

vegetative stage. In vegetative stage rachis and 

rhizome show more concentration of proline than leaves
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and roots, the stolon shows the least. In reproductive 
stage leaflet shows more proline than all other parts. 
The highest value of proline is in the leaflet 0.39 gm 
100-1 gm of dry tissue. In Hephroleois exaltata 
proline content is more in vegetative stage than 
reproductive stage except leaflet. In reproductive 
stage at the time of spore formation proline content 
increases in the leaflet. Kaur et al. (1986) have also 
observed that proline content increases during 
sporangia formation.

Table 9 and Fig. 9 shows the proline content 
in different parts of Gvmnopteris contaminans Bedd. in 
vegetative and reproductive stage. It is evident from 
the table that proline content is less in the 
vegetative stage and it is increased in the 
reproductive stage. In reproductive stage proline 
content is increased in all parts such as roots, 
rhizome, sterile rachis, sterile leaflet, fertile 
rachis and fertile leaflet, while in vegetative stage 
proline content is less in all the parts.

If the proline content of Meohrolepis 
exaltata is compared with that of Gvmnopteris 
contaminans controversy results are observed. 
Hephroleois exaltata shows more proline in the 
vegetative stage while in Gvmnopteris contaminans more 
proline is observed in the reproductive stage, 
may be due to the ecological factors.

1225’

This



These observations are quite similar to the 
observations of Kaur et al. <1989) and Rathore and 
Sharma <1988).

Aquatic ferns and those which survive in 
moist shady places (non stressed) e.g. Warsilea and 
Asplenlum. possess comparatively lesser amount of 
proline than those plants which grow on the exposed and 
dry rocks. (Stressed) e. g. Actiniopteris radiate and 
Adiantum lncisum. Rathore and Sharma (1988) observed 
the drought resistant (stressed) forms have greater 
percentage differences between the stressed and non 
stressed plants than those which survive in moist and 
shady places. The physiological significance of 
prollne is controversial i.e. it is a pathological 
consequence (Henson e£. al. 1977), source of solute for 
intercellular osmotic adjustment (Stewart and Lee 1974) 
or a storage compound for both nitrogen and carbon to 
be utilized in growth after stress (Barnett and Naylor 
1966) or in other words it serves as energy donor 
during environment stress (Dashek and Erickson 1981). 
Their investigation favours 'energy donor* hypothesis 
and may be that proline inhibits degradation of 
chlorophylls and promotes the accumulation of 
carotenoids in ferns.

Rathore and Sharma (1988) have recorded that 
the proline contents are maximum at the time of maximum 
vegetative growth in the month of August and so also
the differences between stressed and non stressed



TABLE 8

PROLINE CONTENTS IN DIFFERENT PARTS OF 
Neohroleple exaltata IN VEGETATIVE AND 
REPRODUCTIVE STAGE

Plant
parts

Vegetative
stage

Reproductive
stage

Roots 0. 14 0. 13

Stolon 0. 15 0.14

Rhizome 0. 36 0. 32

Rachls 0. 37 0. 33

Leaflet 0. 27 0. 39

Values are expressed in gm/100 gm dry tissue.



PLANT PARTS
FIG NO 8 PROLINE CONTENTS OF N.- exoltatb IN 

VEGETATIVE AND REPRODUCTIVE STAGE



TABLE 9
PROLINE CONTENTS IN DIFFERENT PARTS OF 
Gvwnopteris contaminana IN VEGETATIVE AND 
REPRODUCTIVE STAGE.

Plant
parts

Vegetative
stage

Reproductive
stage

Roots 0. 10 0. 11
Rhizome 0. 15 0. 17
Sterile
rachis

0. 19 0. 21

Sterile
leaflet

0. 27 0. 32

Fertilerachis - 0. 39
Fertile
leaflet

— 0. 45

Values are expressed In gm/100 gm dry tissue
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plants. The proline contents decline in the month of 
September i.e. when majority of fronds in the plants 
become fertile. This is in contrast to the 
observations of Kaur et al. (1986) that proline content 
increases during sporangia formation but more work is 
required in this connection.

The amount of free proline is variable. It 
is maximum in moist and shade loving plants 
COphioalosBum retlculatum 2.40 ug/g) and minimum in 
aquatic one < Marsilea minuta 1.0 ug/g>. On the other 
hand, free proline occurs in sufficient amount in a 
terrestrial plant Adianturo incisum (2.14 ug/g> and 
minimum in a moist and shade loving plant Adiantum 
capillua veneris 1.1 ug /g>. But free proline increases 
during stress and this is directly proportional to the 
drought resistant capacity of the plant (Bohra et. al. 
1979).

3. POLYPHENOLS

Polyphenols have a wide distribution in 
plants. They have a property of astrigency and found 
to have similar action as in tanning of hide into 
leather. Leather production was one of the oldest 
known crafts and it is therefore natural that the early 
studies of polyphenols were more from the point of 
their capacity to tan. The term tannin dates back to 
1976 when it was first used by Seguim to denote



substances present in plant extracts which possessed 
the property of converting animal skin into leather. 
This definition implies a limitation and many examples 
in the literature of substances which give those 
reactions characteristic of polyphenols but which have 
no tanning action, may be excluded.

The conversion of hide into leather is 
carried out by affecting combination of tanning 
principle of the plant product with the collegen of 
hide. In order to have sufficient large number of 
attachments the tannin molecules should have a number 
of phenolic groups. To combine the best qualities of 
proper cross linking and capacity to diffuse into 
collegen a molecular weight of 600 to 2000 has been 
found to be ideal (White, 1956).

Ferns contain appreciable amount of 
polyphenols. In this direction, many investigators 
(Bohm, 1969, Bate Smith 1953, Glass and Bohm, 1966) 
recorded the presence of polyphenols in various ferns.

The total polyphenols in two different ferns 
viz. Nephroleois exaltata and Gvmnopteris contaroinans 
in two different stages viz., vegetative stage and 
reproductive stage are recorded in Table 10 and Table 
11 and Fig. 10 and Fig. 11.

It is clear from the Table that the 
distribution of polyphenols shows similar trends in
these two ferns.
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The polyphenol content in roots, stolon, 
rhizome, rachis and leaflet of Mephrolepls exaltata in 
both stages is recorded in Table 10 and Fig. 10. In 
the stolon polyphenol contents are more than root, 
rhizome, rachis and leaflet. Stolon shows maximum 
polyphenol in vegetative stage, while the leaflet and 
rachis contain less polyphenols. In the leaflet, root, 
rachis and rhizome polyphenol content is less. The 
polyphenol content in the reproductive stage of 
Mephrolepis exaltata slightly decreases in the stolon 
and rhizome. In the roots there is no change. The 
polyphenols increase in the rachis of reproductive 
stage. Leaflet shovs more polyphenols in the 
reproductive stage.

In both the stages of Mephrolepis exaltata 
polyphenol contents are changed in all the parts except 
the roots. In the roots there is no change. In 
vegetative stage roots and rachis show similar 
polyphenol contents, while in reproductive stage 
polyphenol contents are similar in rhizome and leaflet.

Polyphenol content in Gvmnopteris contaminans 
is recorded in Table 11 and Fig. 11.

From Table 11 it is clear that the 
distribution of polyphenol shows similar trends under 
both the stages viz., vegetative and reproductive. In 
the vegetative stage of Gvmnopteris contaminans the 
rhizome contains more polyphenols while the rachis and
leaflet contain least amount. However, the roots



contain appreciable amount of polyphenols. The
polyphenolic content of Gvmnopteris contamlnans in 
vegetative stage ranges from 0.51 gm to 2.4 gms 100“* 
gm of dry tissue. The roots contain 1.7 gm of 
polyphenols. The rhizome contains more polyphenols 
than the roots. It contains about 2.4 gms 100~* gm of 
dry tissue, while the rachis shows very less polyphenol 
contents i.e. 0.51gms 100~* gm of dry tissue. In the 
leaflet there is slightly higher polyphenol content 
than the rachis.

The polyphenolic content of Gvmnopteris 
contaroinans in reproductive stage is more than the 
vegetative one. The root shows maximum polyphenolic 
content than all other parts such as rhizome, leaflet 
and rachis of the sterile and fertile frond. The root 
contains about 3.4 gms of polyphenols in 100-* gms of 
dry tissue while it decreases in the rhizome <1.8 gm 
100~* gm dry tissue). The polyphenol content in the 
sterile rachis is about 1.7 gm 100-* gm of dry tissue 
and it is less in the fertile rachis. Sterile rachis 
contains more polyphenols than the fertile rachis. 
Fertile rachis contains about 1.3 gm 100~* gm dry 
tissue, while in the reproductive stage of Gvmnopteris 
contaminans. the polyphenolic content in the sterile 
leaflet and fertile leaflet is same i.e. about 1.6 gm 
100“* gms of dry tissue of the plants.

From the Table 11 it is clear that the
'polyphenols are maximum in reproductive stage than the



vegetative stage of Gvmnopterls contaminans. The
polyphenolic content ranges from 1.3 gm to 3.4 gms
100-1 gm dry tissue. However, these values range from 
0.51 gm to 2.4 gms 100-* of dry tissue in vegetative
stage of Gymnopteris contaminans.

However, the polyphenolic contents in 
Gymnopteris contaminans are less than the Nephrolepis 
exaltata. This may be possibly due to the fact that 
the Gymnopteris grows in shaded area where there is 
less light. Nephrolepis receives much more amount of 
light, a factor for stimulation. From this it can be 
considered that the total polyphenols are more in the 
Nephrolepis. The accumulation of polyphenols can be 
attributed to various factors, of these light is the 
most important one. It is evident that in Isoetes 
coromandelina total polyphenols are maximum in green 
leaves and become less in rhizomorph, as well as in 
sporophyll. (Rathore and Sharma, 1990).

Rathore and B. d) Sharma (1989)

have studied the phenols in relation to stress. They 
found that Athyriuro pectinatum. Hypodematium crenaturo 
and Tectaria macrodonta possess sufficient amount of 
total phenols in their soft, green, well laminated 
leaves, while Eauisetum ramosisslmum. a leafless 
pteridophyte has comparatively much less amount of 
total phenols. It is minimum in soft, green laminated 
pteridophytes and in the types with reduced and 
coriaceous fronds. Cheilanthes farinosa is one of the



TABLE 10

POLYPHENOL CONTENTS IN DIFFERENT PARTS OF 
Neohroleols exaltata IN VEGETATIVE AND 
REPRODUCTIVE STAGE

Plant
parte

Vegetative
stage

Reproductive
stage

Roots 1.7 1. 7

Stolon 3. 7 2. 5

Rhizome 2. 9 2.6

Rachis 1. 7 2. 3

Leaflet 0. 57 2. 6

Values are expressed In gm/100 gm dry tissue.
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TABLE 11

POLYPHENOL CONTENTS IN DIFFERENT PARTS OF 
Gymnopteris contaminans IN VEGETATIVE AND 
REPRODUCTIVE STAGE.

Plant
parts

Vegetative
stage

Reproductive
stage

Roots 1. 70 3. 40

Rhizome 2. 40 1. 80

Sterile
rachls

0. 51 1.70

Sterile
leaflet

0. 57 1.60

Fertile
rachls

- 1. 30

Fertile
leaflet

- 1.60

Values are expressed In gm/100 gm dry tissue
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drought resistant ferns (Bohra et al. 1979, Sharma and 
Purohit 1985) and shows resurrection habit to some 
extent (Gaff 1977). Similarly, Eouisetum ramoslssimum 
is also a well known xerophytic pteridophyte (Hauke 
1963). It has been concluded that increase in phenols 
during stress is comparatively more in drought 
resistant ferns than the moisture and shade loving 
ferns.

In ferns there are more polyphenols in roots 
than in the leaves and this pattern does not change 
even with the change in environment. Bohm (1969) who 
has done extensive work on polyphenols in ferns has 
collected data from numerous species. However, his 
values are mostly restricted to leaves.

Shetty (1971) studied the polyphenolic 
content in Acrostichum aureum. The roots contain 
maximum polyphenols, while the rachis contains least 
amount. However, the leaves contain appreciable amount 
of polyphenols. The non saline plant contains more 
polyphenols than the saline one.

6. NITROGEN METABOLISM *

A. TOTAL NITROGEN AND CRUDE PROTEIN s
The values for total nitrogen and crude 

protein content in different parts of Nephrolepis 
exaltata in vegetative and reproductive stage are 
recorded in Table 12 and Fig. 12 and Fig. 13.

MS BALKMUVAJ!
I ’ ■. ■ 1
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From the Table 12 It is clear that in the 
roots of Hephrolepis exaltata total nitrogen content is 
more in vegetative stage while in reproductive stage it 
decreases. Similar observations are found in stolon, 
rhizome and rachis but it is slightly increased in the 
leaflet during reproductive stage. Crude protein 
content is also more in the roots in vegetative stage 
of Hephrolepis exaltata and it decreases in the 
reproductive stage. In vegetative stage Nitrogen 
contents are very less in rhizome while in reproductive 
stage stolon & rhizome show similar nitrogen content. 
In vegetative stage leaflet contains less nitrogen than 
the leaflet of reproductive stage. The protein 
contents are less in vegetative leaflet than the 
reproductive stage, while in roots, stolon, rhizome 
and rachis protein contents are more in the vegetative 
stage but in reproductive stage root, stolon, rhizome 
and rachis contain less proteins. The nitrogen and 
protein content is more in the vegetative parts than 
the reproductive parts except the leaflet.

The values for total nitrogen and crude 
protein content in different parts of Gvmnopteris 
contaminans during vegetative and reproductive stage 
are recorded in Table 13 and Fig. 14,15. From the 
Table 13 it is clear that in vegetative stage sterile 
rachis shows more nitrogen content than roots, rhizome 
and sterile leaflet. The nitrogen content is less in 
the rhizome. In vegetative stage protein contents are



also more in the sterile rachis and rhizome shows less
protein content than other parts.

In reproductive stage of Gvmnopteris 
contaroinans nitrogen and protein contents are more in 
fertile leaflet, and less in roots, rhizome, fertile 
rachis and sterile rachis. The nitrogen and protein 
contents are less in the sterile leaflet than the other 
parts. In vegetative stage of Gvmnopteris contaminans 
nitrogen and protein contents are more in the sterile 
rachis, while in reproductive stage fertile leaflet 
shows more nitrogen and protein content.

In both the ferns studied Neohroleois 
exaltata and Gvmnopteris contaminans nitrogen and 
protein contents are more in the vegetative stage than 
the reproductive stage.

The vegetative fronds possess much higher 
concentration of protein in comparison to their fertile 
parts of Actinlooterls radiata. Asolenium pumllum (Vyas 
and Sharma, 1988)

Rathore and Sharma <1992) have recorded 
soluble proteins which decrease during stress, all 
other parameters like amino acids, proline and phenols 
increase. Aquatic and shade loving plants generally 
have more soluble proteins than terrestrial and drought 
resistant types. However, Actiniopteris radiata is an 
exception which has sufficient amount (68.5 mg/gm) and 
also shows maximum degradation during stress (22.3%).



TABLE 12
TOTAL NITROGEN AND CRUDE PROTEIN CONTENTS IN 
DIFFERENT PARTS OF Nephroleois exaltata IN 
VEGETATIVE AND REPRODUCTIVE STAGE

Plant
parts

Vegetative
stage

Reproductive
stage

Nitrogen Protein Nitrogen Protein
Roots 4. 25 24. 22 0. 12 O. 71
Stolon 0. 75 4. 27 0. 05 0. 28
Rhizome 0. 55 3. 13 0. 05 O. 28
Rachls 0.60 3. 42 0. 15 0. 85
Leaflet OO

•

1

5. 70 1. 30 7. 41

Values are expressed In gm/100 gm plant material.
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TABLE 13
TOTAL NITROGEN AND CRUDE PROTEIN CONTENTS IN 
DIFFERENT PARTS OF Gvmnopterla oontamlnans IN 
VEGETATIVE AND REPRODUCTIVE STAGE.

Plant
parts

Vegetative
stage

Reproductive
stage

Nitrogen Protein Nitrogen Protein

Roots 2. 10 11. 97 1. 60 9. 12
Rhizome 1. 40 7. 98 1. 70 9. 69
Sterile
rachis

3. 80 21. 66 2. 10 11.97

Sterile
leaflet

1.75 9. 97 1. 15 6. 55

Fertile
rachis

- - 1. 60 9. 12

Fertile
leaflet

- - 2.20 12. 54

Values are expressed in gm/100 gm plant material
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Shetty (1971) has recorded the nitrogen 
content ranging from 1.12 to 8.73 gm per 100 gm dry 
matter In saline plants. As compared to other saline 
plants Acrostlchum aureum contains appreciable amount 
of nitrogen.

B. NITRATE REDUCTASE (NR) :
Nitrate reductase was first detected by Evans 

and Nason (1953) in Soyabean leaves. Nitrate reductase 
is the key enzyme of nitrogen metabolism. It is a 
source of inorganic nitrogen from the soil. Nitrate 
uptake by the roots of the plant must be reduced to 
ammonia prior to its availability in the overall 
nitrogen economy of the plant. This important process, 
called nitrate reduction consists of basically two 
steps, the reduction of No^- to Noj- and the further 
reduction of No2~ to NHg-. The two enzymes involved in 
the process are nitrate reductase (NR) and nitrite 
reductase (NiR) (Hewitt 1975, and Beevers 1976).

Nitrate reductase is present in all parts of 
the plant e.g. Cotyledon, roots, shoots, leaves 
(Beevers and Hageman, 1969). There has been however 
much controversy with regard to the location of the 
enzyme within the cell. Losada et al.. (1965) Coupe et 
al.. (1967) are of the opinion that the NR activity is 
associated with the chloroplast but the general view is 
that the enzyme is synthesized and localised in the 
cytoplasm Ritenour et. al. (1967) Schrader et. al. (1968).



The results of nitrate reductase activity in 
vegetative and reproductive stage of Nephroleola 
exaltata has been shown in Table 14.1 and Fig. 16.1.

It is clear from the results that the root in 
the vegetative stage shows higher nitrate reductase 
(NR) activity as compared to stolon, rhizome, rachis 
and leaflet.

The NR activity in the root is more during 
the vegetative stage than the reproductive stage, while 
NR activity is less in the vegetative stolon than the 
reproductive one. The rhizome in the vegetative stage 
shows more NR activity and in the rhizome of 
reproductive stage NR activity is not detected. The 
leaflet of vegetative stage shows more NR activity than 
the leaflet of reproductive stage. Thus NR activity is 
more in the vegetative stage than the reproductive 
one.

The results of nitrate reductase activity in 
vegetative and reproductive stage of Gymnopterls 
contaminans have been shown in Table 14.2 and Fig. 16.2

It is clear from the results that the sterile 
leaflet in the vegetative stage shows more NR activity 
than the roots, rhizome, and sterile rachis, while in 
the reproductive stage of Gvmnopteris contaminans 
rhizome shows more NR activity than the sterile rachis, 
sterile leaflet, fertile rachis and fertile leaflet. 
In the roots of reproductive stage NR activity is not
detected.



TABLE 14. 1
NITRATE REDUCTASE ACTIVITY IN DIFFERENT PARTS OF 
Nephroleple exaltata IN VEGETATIVE AND 
REPRODUCTIVE STAGE

Plant
parts

Vegetative
stage

Reproductive
stage

Roots 128.07 102.45
Stolon 0. 85 1. 10
Rhizome 12. 80 N. D.
Rachis 3. 41 3. 41
Leaflet 11. 09 6. 83

N.D. = Not Detected.
Values are expressed as pg NOj/hr/gm plant 
material.
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TABLE 14. 2

NITRATE REDUCTASE ACTIVITY IN DIFFERENT PARTS OF 
GymnopterIs contareinans IN VEGETATIVE AND 
REPRODUCTIVE STAGE.

Plant
parts

Vegetative
stage

Reproductive
stage

Roots 64. 03 N. D.

Rhizome 27. 32 35. 00

Sterile
rachls

1. 45 0. 85

Sterile
leaflet

98. 18 8. 53

Fertile
rachls

- 23. 05

Fertile
leaflet

- 21. 34

N.D. = Not Detected.

Values are expressed as pg N02/hr/gm plant 
material.
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C. NITRITE REDUCTASE < NiR > i
The results of nitrite reductase activity in 

vegetative and reproductive stage of Nephrolepls 
exaltata has been shown in Table 15.1 and Fig. 17.1

It is clear from the results that the rhizome 
in the vegetative stage shows more nitrite reductase 
(NiR) activity as compared to roots, stolon, rachis and 
leaflet. In the vegetative stage leaflet shows less 
NiR activity than the rest of the parts. In the 
reproductive stage rhizome shows more nitrite reductase 
activity than that in the roots, stolon, rachis and 
leaflet. The rhizome in both the stages shows more 
nitrite reductase activity than other parts, while the 
roots, stolon and leaflet in the vegetative stage show 
less nitrite reductase than the roots, stolon and 
leaflet of reproductive stage.

The results of nitrite reductase activity in 
vegetative and reproductive stage of Gvmnopteris 
contamlnans have been shown in Table 15.2 and Fig. 17.2.

It is clear form the results that the rhizome 
in the vegetative stage shows more nitrite reductase 
activity than the roots, sterile rachis and sterile 
leaflet. In vegetative stage sterile rachis shows less 
activity as compared to rhizome, roots, and sterile 
leaflet.

X



TABLE 15. 1

NITRITE REDUCTASE ACTIVITY IN DIFFERENT PARTS OF 
Nephrolepis exaltata IN VEGETATIVE AND 
REPRODUCTIVE STAGE

Plant
parts

Vegetative
stage

Reproductive
stage

Roots 22. 88 35. 48

Stolon 28. 38 31.54

Rhizome 47. 31 39. 43

Rachis 15. 77 15. 77

Leaflet 7. 88 20. 50

r •' c-V^ ' ' “\

Values are expressed as pg Nitrite raductaae 
actlvid>y/gm/hr.





TABLE 15.2
NITRITE REDUCTASE ACTIVITY IN DIFFERENT PARTS OF 
Gyanopteria contamlnans IN VEGETATIVE AND 
REPRODUCTIVE STAGE.

Plant
parts

Vegetative
stage

Reproductive
stage

Roots 40. 21 37. 06
Rhizome 59. 93 31. 54
Sterile
rachis

26. 81 36. 52

Sterile
leaflet

51. 25 45. 73

Fertile
rachis

- 53. 62

Fertile
leaflet

- 26. 81

Values are expressed as pg Nitrite r<niuetra-ff£
aet±**fey/gm/hr.
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In reproductive stage fertile rachis shows 
more nitrite reductase activity than the roots, 
rhizome, sterile rachis, sterile leaflet and fertile 
leaflet. Fertile leaflet in reproductive stage shows 
very less NiR activity than the other parts.

In general, in the vegetative stage nitrite 
reductase activity is more than the reproductive stage.

In Hephrolepis exaltata , the leaflet during 
the reproductive stage shows more NiR activity than the 
leaflet during the vegetative stage but in Gvmnopteris 
contaminans sterile leaflet shows more NiR activity 
than the fertile leaflet. This may possibly be due to 
the difference in their morphology and ecology.

7. INORGANIC CONSTITUENTS :

Mineral composition of Nephrolepis exaltata 
in different parts has been recorded in Table 16 and 
Fig. 18, 20, 22, 24, 26, 28, 30 and 32. Similarly, the 
values of different inorganic constituents of some 
ferns including Nephrolepis exaltata in both 
vegetative and reproductive stage have been recorded in 
Table 16 for comparison. The object of the present 
discussion is to record organwise distribution of each 
element and its presence in both stages.
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a. Ha* (SODIUH) :

Na + is present in large amounts on this 
earth. It is useful for the plants in very small 
quantities.

Table 16 and Fig. 18 shows the sodium values 
in various parts of Nephrolepis exaltata in both the 
vegetative and reproductive stage. It is evident from 
the Table that Ha content of vegetative stage is less 
than that of reproductive stage. In vegetative stage 
the values range from 0. 14 to 0. 30 gm per 100 gm dry 
matter while these values in reproductive stage range 
from 0. 22 to 0.64 gm per 100 gm dry tissue. In the 
vegetative stage of Nephrolepis exaltata leaflet 
accumulates more sodium than the root, while in 
reproductive stage also roots accumulate lees Na* than 
the leaflet.

Na + accumulation increases in the
reproductive stage in all parts (stolon, rachis, 
rhizome, leaflet) except root. In leaflet during 
vegetative stage Na* accumulation is very low <0.30 
gm 100~* gm of dry tissue) and it is increased during 
the reproductive stage (0.48 gm 100~* gm of dry 
tissue). Na"’’ accumulation is more in the rachis during 
reproductive stage and it is very less during 
vegetative stage as compared to the reproductive stage.

From the above observations it is clear that 
in Nephrolepis exaltata Na"^ accumulation increases in
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all other parte except the roots during the 
reproductive stage than the vegetative stage.

Table 17 and Fig. 19 shows Na* values in 
various parts (roots, rhizome, rachis, and leaflet) of 
Gvronopteris contaminans in vegetative stage and in 
various parts (roots, rhizome, sterile rachis, sterile 
leaflet, fertile rachis and fertile leaflet) in 
reproductive stage. It is evident from the Table that 
Na* content in vegetative stage was more or less 
similar in the roots, rachis and leaflet. The rhizome 
showed more Na* content in vegetative stage than that 
in all other parts.

During the reproductive stage of Gymnopteris 
contaminans rhizome and sterile leaflet showed more Na* 
accumulation than the fertile rachis and fertile 
leaflet. Rhizome shows maximum Na* content. Sterile 
rachis and fertile rachis shows more or less similar 
Na* accumulation.

In Gymnopteris contaminans Na* accumulation 
is more in the rhizome of vegetative and reproductive 
stage.

Shetty (1971) showed that Na* content in the 
rachis of Aj^ aureum was less than the laminae and 
roots.

Na* uptake is dependent on climate and the
place where the fern is growing (Shetty 1971).
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b. K* < POTASSIUMI s

The values for K+ in vegetative and 
reproductive stage of Nephrolepis exaltata are recorded 
in Table 16 and Fig. 20.

During the vegetative stage of Nephrolepis 
exaltata leaflet shows more K+ accumulation and it is 
very less in the rhizome than all other parts. The 
highest value (2.4 %) is recorded in leaflet, while the 
rhizome shows the least (0.06 50. In the reproductive 
stage rachis shows more K* content and it is very less 
in rhizome.

In Nephrolepis exaltata H* content is highest 
in the leaflet of the vegetative stage.

Leaflet, roots and stolon of the vegetative 
stage accumulate more K+ than that of the reproductive

stage. More accumulation of K+ during the reproductive 
stage is observed in the rachis.

Table 17 and Fig. 21 records K* values in 
different parts of Gvmnopteris contaminans in 
vegetative and reproductive stage. In vegetative stage 
rachis shows more K+ content and the roots contain the 
least. In the reproductive stage sterile leaflet shows 
more K* accumulation than other parts. K+ accumulation 
is very less in roots during reproductive stage.

In the reproductive stage K+ content is less 
in the fertile leaflet than that in the sterile
leaflet.
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Amongst the two ferns studied, the various 
parts except roots of both the stages of Gymnopteris 
contaminans show more K* accumulation.

K* uptake mechanism is of efficient type in 
the fern (Epstein, 1965).

Shetty (1971) from his observations on 
Acrostichum aureum has shown that the non saline plants 
contain appreciably high amounts of K* than that of 
saline ones.

c. Ca*2 (CALCIUM) s

The values for calcium in vegetative and 
reproductive stage of Nephrolepis exaltata are recorded 
in Table 16 and Fig. 22.

In the vegetative stage of Nephrolepis 
exaltata Schott. Ca*2 accumulation is more in the roots 

and very less in the rachis. The uptake of this 
divalent cation is more in the roots than in the 
leaflet. The highest value recorded was 5.58 gm 100~*

4 Ogm dry matter. During reproductive stage Ca 
accumulation is more in the rachis. The highest value
recorded was 6. 44 gm 100-1 gm of dry tissue. Ca*2

accumulation is less in the root during the
4 Oreproductive stage. Ca accumulation increases in the 

stolon during reproductive stage at than the stolon of
4 Ovegetative stage. During vegetative stage Ca

accumulation was more in the roots and in reproductive
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■tag* it was sort in th# rachi* and laaa in th* roots 

and th* rhizoa*.

Th* valuta for Ca^2 aoouauiation in 

v*g*tativ* and r*produotiv* stag* of Ovanootaria 

oontaainana B*dd. ar* r*oord*d in Tabl* 17 and Fig. 

23. In th* v*g*tativ* stag* of Ovanoptarla ffftntHliiima 

B*dd. oaloiua oont*nt« ar* aor* in rhizoa*. Th* 

high*at valu* r*cord*d is 6.68 ga 100"1 ga of dry 

aatt*r and it ia v*ry 1*m in radhia i.*. 2.66 ga lOO'1 

ga of dry tissu*. In r*produotiv* atag* Ca content 

d*or*aa*a in th* rhizoa*, raohia and roots and 

inor*aa*a in th* at*rii* l*afl*t. Ca aoouauiation in 

th* roots of v*g*tativ* stag* ia aor* and it ia 1*sa in 

th* r*produotiv* stag*. During raproduotiv* stag* 

at*ril* l*afl*t ahova aor* Ca oont*nt than all oth*r 

parta. Froa th* Tabl* 17 and Fig. 23 it ia ol*ar that 

Ca ‘ cont*nta ar* aor* in th* v*g*tativ* stag* than 

th* raproduotiv* stag* *xo*pt at*ril* l*afl*t.

Fro* this it ia oba*rv*d that in th* 

raproduotiv* stag* of both th* f*rna studi*d Ca*2 

cont*nt d*or*aa*a in l*afl*ta vh*n th*y b*ar sporangia.

Th* distribution of Ca*2 in plants Indiest*a 

that aor* Ca ia pr*s*nt in th* root, n*xt to this ia 

in l*av*a (Shatty, 1971).

d. Mg*2 (IMMBIZIMI t

Magn*aiua ia an iaportant *l*a*nt b*oaua* it 

ia a constituent of chlorophyll. It ia a aajor



constituent of nil green plants. It is a part of 

chlorophyll 'a' and 'b' solecule and hence present in 

all autotropio plants. It is required in large nusber 

of physiological reactions where ATP is involved. 

‘Hazelis and Stuapf (1935) have found that Hg*^ is 

involved along with adenine nucleotide and a Krebs 

cycle intersediate, in the esterification of P*® into 

ATP.

The values for sagnesius in vegetative and 

reproductive stage of MtlhrgAtBtl Schott, are

recorded in Table 16 and Pig. 24

It is clear fros the Table 16 that the 

sagnesius contents are in general sore in the 

reproductive stage than the vegetative stage. The 

leaflet of the vegetative stage as veil as of the 

reproductive stage shovs sore sagnesius content. 

However, the leaflet of the reproductive stage contains 

sore sagnesius than that of the vegetative stage.

In the roots Hg contents are sore in 

vegetative stage than the reproductive stage and it 

increases in all other parts such as stolon, rhizose, 

rachis and leaflet.

There is in general an increase in Hg 

accusulation in reproductive stage than the vegetative 

stage.

However leaflet and rachis during 

reproductive stage contain appreciable high asount of
Ii9

Hg as cospared to roots, rhizose and stolon. This
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Indicate* that Mg*2 is redistributed in plants. It 
appears that the absorbed Mg*2 is rapidly transported 
to leaflets where it is sore essential. The reprodu
ctive stage contains large aeount of Mg*2.

The values for Mg'*'2 in vegetative and 
reproductive stage of Qvsnopterls oontaslnans Bedd. 
are recorded in Table 17 and Fig. 2S.

It is observed fros the Table that the Mg*2 

contents are sore in sterile leaflet during the 
reproductive stage than the leaflet of vegetative 
stage. Mg*2 content is sore in the parts such as roots, 
rhizose and leaflets in vegetative stage and it is 
aaxlaue in the sterile leaflet during the reproductive 
stage.

The roots of the vegetative stage accusulate 
sore sagnesius than the roots of reproductive stage. 
Mg content is less in leaflet of vegetative stage and 
it increases in sterile leaflet during the reproductive 
stage but decreases in fertile leaflet of the ease 
stage.

Fros the studies of both these ferns, it is
a Oobserved that the Mg content is sore in the 

reproductive stage of Mophrolopis exaltata Schott, than 
that of gmL9B&ir,l«, oontaslnans Bedd.

Shetty (1971) has studied the Mg*^ contents 
of Agraa.llg.hai, mraai in saline and non saline 
conditions. Non saline plants contain sore Mg*2 than 
saline plants. The leaves contain sore Mg than



rachis^and roots. This indicator that Mg*3 i* 
redistributed in plants. It appsars in ths brackish 
fsrn that absorbed Mg*2 is rapidly transported to th* 
leaves where it is sore essential. The nonsaline 
leaves contain large aaount of Mg .

e. ft*3 tXMM) <
Iron is an isportant elesent which is 

required in sicroquantity for the growth of plants. 
Fe*3 is active in ferrous state in plants. Usually 
Fe*3 is absorbed in ferric fora but it is rapidly 
converted into the ferrous fora. Fe*3 occurs in living 
cells in the fora of porphyrins.

The values for Fe contents in the 
Mephrolepis exaltata Schott, are recorded in Table 16 
and Fig. 26.

It is observed froa the Table that in 
vegetative stage of Hephroleols Schott, the 
root shows sore iron content than stolon, rhizoae, 
rachis and leaflet. In reproductive stage the stolon 
shows aore Fe*3 content than the other parts, but it is 
very less than the roots of vegetative stage. IM 
vegetative stage Meohrolepls exaltata Schott, root 
shows aaxiaua Fe content. It is 0.42 ga 100 * ga of 
dry tissue. Vegetative leaflet contains aore iron than 
reproductive leaflet.



gm
 100

 gm 
dr

y tis
su

e

O -A

0 <«

0 36

VEGETATIVE STAGE tZU 

REPRODUCTIVE STAGE 0UH

0-32

<> m

i) li.

• > in

016

0-1?

' o.oe

0.04

‘e

Root Rac his LeafletStoton Rhizome 

Pi ANT PARTS

*3
FIG NO 26 Fe CONTENT IN THE VEGETATIVE AND

HEI'HODUCTIVC STAGE IN N ex altata S'c'k4i

i



dr
y tis

su
e



From the above observation, it is clear that 
in Wephroleois tmlllil Schott, iron content is sore in 
the roots.

The Table 17 and Fig. 27 shows the Fe*3 

content during the vegetative and reproductive stage of 
Oysnopteris oontasinans Bedd.. The roots show sore Fe*3 

content in both the stages. The roots of the 
vegetative stage contain sore iron than the roots of

A Othe reproductive stage. Aocusulation of Fe is 
saxisus in roots than rhizose, rachis and leaflet in 
both the stages.

In ftiMnaalMLUL Bedd. , iron 
content is saxisus during the vegetative stage than the 
reproductive stage.

Fe contents are sore in the fern than other 
plants (Shetty, 1971). According to his the roots of 
Acrostichus aureus contain sore Fe*3 while the leaf 

costains less. Singh (1967) and Karsarkar (1965) 
indicate that Fe*3 is one of the sost issobile of all 

the elesents in plants. Leaf gets very less asount of 
Fe ** because of its issobility.

f. Ms*2 (HASBAWEm) i
♦ 2Hn is an isportant sicronutrient which 

plays an isportant role in sany enzysatlc reactions as 
a co-factor.

Uptake and distribution of Hn*2 in different

parts of MapfarfltJltPtg tKlAfrtfrl Schott. in vegetative and
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reproductive stage has been depicted in Table 16 and 

Fig. 28.

It is evident that Hn*2 content is less in 

roots and stolon of vegetative stage than that of the 

reproductive stage and it is sore in rhizose and 

leaflet. In vegetative stage Hn*2 content is sore in 

the rhizose and leaflet and it is decreased in 

reproductive stage. In reproductive stage of 

Hophrolepls fKlltllB, Schott. Hn*2 accusulation 

increases in the roots and stolon and decreases in the 

rhizose and leaflet.

Uptake and distribution of Hn*2 in different 

parts of 6f»PPP\»r48 PPBtBlfrntnff Bedd. in vegetative 

and reproductive stage has been recorded in Table 17 

and Fig. 29. It is evident that in the vegetative 

stage of Ovsnooteris contasinans Bedd. Hn*2 contents

are sore in the roots than rhizose, rachis and leaflet.
♦ 2Leaflet shows very little accusulation of Mn than 

roots. In the reproductive stage of BzlP-SPl.tXil 

contasinans Bedd. Hn content decreases in the root, 

rhizose and rachis and it increases in the sterile 

leaflet. The fertile leaflet shows less Hn ‘ content 

than the sterile leaflet.

Hn*2 contents are sore in the roots of both 

the ferns studied.

1*88. BALA'".
MiVAJi u:



g. Cu*2 <COPPER) s
Uptake and distribution of thasa oationa in 

different parts of Haohrolapis axaltata Schott, in tha 
vagatativa and raproductiva staga has baan racordad in 
Tabla 16 and Pig. 30.

In tha vagatativa staga of Haohrolapis
axaltata Schott, root shows aora accusulation of Cu
than tha othar parts and it is vary lass in tha stolon.
In tha raproductiva staga also thara is aora
accuaulation of Cu*2 in tha roots than all othar parts.
In raproductiva staga thara is aora uptaka of Cu than
tha vagatativa staga. In tha vagatativa staga laaflat 

♦ 2shows aora Cu uptaka but it is dacraasad in tha 
laaflat during raproductiva staga.

Uptaka and distribution of thasa cations in 
diffarant parts of Ovanootaris contaainans Badd. in 
vagatativa staga and raproductiva staga has baan 
racordad in Tabla 17 and Pig. 31.

+2It is avidant that tha uptaka of Cu is aora 
in tha roots than tha rhizoaa, rachis and laaflat in 
vagatativa staga.

In raproduotiva staga thara is aora coppar 
uptaka in fartila laaflat and lass in starila laaflat. 
In tha rhizoaa thara is no changa in both tha stages.

Proa tha two ferns studied it is observed 
that in Haohrolapis axaltata Schott, thara is aora 
coppar uptaka than that in gypnPPitE*f PPhtUlnini
Badd
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(ZINC) sh. Zn*2
Zinc is sn essential micronutrient required 

for growth. It is abundant in the plants.
The zinc content in different parts of 

Hephrolepls tMllll-li., Schott, in vegetative and 
reproductive stage is recorded in Table 16 and Pig. 32.

Proa the Table 16 it is clear that in 
vegetative stage of Nophrolopie exaltata Schott, root 
contains sore Zn*2 than the stolon, rhizoae, rachis and 
leaflet. Zinc is very less in the rachis of vegetative 
stage but it increases in the rachis of reproductive 
stage. Proa the study of zinc content of various parts 
studied, it is observed that the zinc content in the 
rachis of reproductive stage is sore than the rest of 
the parts. In t£lillll Schott. Zn*2
contents are sore in the roots in vegetative stage, 
while in reproductive stage Zn contents are aore in 
the rachis and less in the stolon.

The Zn content in different parts of 
gy»nopttr*ff contaainans Bedd. in vegetative and 
reproductive stage is recorded in Table 17 and Pig. 33.

In the vegetative stage roots show higher
concentrations of zinc than the rest of the parts.
Rachis contains very less concentration of zinc, while

^ 2in the reproductive stage Zn contents are aore in the 
fertile leaflet and very less in the rhizoae. In the 
vegetative stage of Qyanoptsrls contaainans Bedd.
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roots show sors Zn*2 content whils in rsproduotivs 
stags fsrtile Isaflst shows mors Zn*2 contsnt. In 
vsgstativs stags of Hsphrolsoia fjUllfcl.t!, Schott, as 
wsll as in Bvswoptsris cgptlftlnftHfl. Bsdd. roots show 
mors Zn*2 contsnt, whils in rsproduotivs stags of 
Hsohrolspis 9VA,\±MiJi Schott* rachis shows mors Zn*2 
contsnt but in ths rsproduotivs stags of Bvmnoptsris 
contaminans Bsdd. mors Zn*2 contsnt is obssrvsd in ths 
fsrtils lsaflst.

1. Cl’ (CHLORIDES) i
It has bssn obssrvsd that chloridss whan 

prsssnt in low concsntrations, stimulats plant growth. 
Howsvsr, Cl“ in largsr quantitiss ars harmful. Though 
many plants contain apprsciabls amounts of Cl' in thsir 
tlssuss, ths sxact function of Cl~ is not yst wsll 
undsrstood. Ths rscsnt invsstigation indicatss ths 
absoluts nscsssity of Cl” ions for photosynthssis.

Ths rols of chloridss in ths plant mstabolism 
is bsing undsrstood wsll in rscsnt ysars. Thsir 
prsssncs in tracss hslps ths plants to grow vigorously.

Tabls 18 and Fig. 34 shows ths chlorids 
contsnts in diffsrsnt parts of Hsohrolspis sxaltata 
Schott, during vsgstativs stags and rsproduotivs stags. 
It is clsar from ths Tabls that Hsohrolspis sxaltata 
Schott, contains mors chloridss during ths rsproduotivs 
stags than ths vsgstativs stags sxcspt rhizoms. Ths
chlorids contsnts ars mors in ths lsaflsts and Isas in



80

th* roots. In both the stages - vegetative as vail as 
reproductive, chloride contanta ara aora in leaflets 
and laas in all othar parts. The pattarn of 
distribution of Cl~ in diffarant organs of tha farn 
indicatas that Cl” is tha sost sobila element. Tha 
rachis, rhizome, stolon and roots contain lass amount 
of Cl". Thus tha pattarn of distribution of Cl” is 
•ora or lass sama in vagatativa as wall as raproductiva 
stage of this farn. Tha accumulation of Cl" in this 
farn is of tha following order

root < rhizome stolon < rachis < leaflet.

Tha distribution of chlorides in diffarant 
parts of Gvmnopteris contamlnans Badd. in vagatativa

as wall as reproductive stage has bean recorded in 
Table 19 and Pig. 35.

It is clear from tha Table 19 that tha Cl 
contents during vagatativa stage of Gvmnopteris 
oontaminans Badd. ara more in tha sterile leaflet than 
tha rachis and vary lass in tha rhizome and roots. In 
raproductiva stage of Qvmnopterie oontaminans Badd. 
chloride contents ara more in sterile leaflet than tha 
fertile leaflet and sama thing is observed in tha 
rachis. Tha chloride contents ara more in tha sterile 
rachis than tha fertile rachis. Tha rhizome as wall as 
tha roots contain vary lass chlorides. Tha sterile



leaflet during vegetative stage shows sore chlorides 
than the sterile and fertile leaflet of reproductive 
stage. The chloride contents of Syanopterls 
contaainans Bedd. during vegetative stage are sore in 
all the parts than the reproductive parts.

It is observed that Ovanopteris qph.1iftBlni.BB. 
Bedd. shows aore accuaulation of chlorides than that 
of Hephrolepis laftAlftll. Schott.

Shetty <1971) worked on Acrostichua aureua. a 
bracken fern. In saline plants the Cl~ values range 
froa 1.75 to 2.52 ga per 100 ga dry tissue. However, 
the leaves contain aore Cl". The rachis contains less 
chlorides and the roots the least. The pattern of 
distribution of Cl” in different organs of the bracken 
fern Indicates that Cl~ is the aost mobile element. 
Saline plants accumulate aore Cl” and act as store 
houses. On the other hand the Cl~ values in non saline 
plants range froa 1.15 to 2.17 ga per 100 ga dry 
matter. The rachis and root contain less amount of Cl”. 
Thus the pattern of distribution of Cl” is aore or less 
same in saline as well as non saline plants.

Acrostichua aureua has aore chlorides than 
glycophytes and other ferns that- are usually restricted 
to evergreen forests. However, Acrostichua aureua 
grows in bracken soils where the fresh water constantly
enters in the sea water.



TABLE 18

CHLORIDE CONTENTS IN DIFFERENT PARTS OF 
Neohrolepla exaltata IN VEGETATIVE AND 
REPRODUCTIVE STAGE

Plant
parts

Vegetative
stage

Reproductive
stage

Roots 0. 44 0. 47
Stolon 0. 47 0. 53
Rhizome 0. 83 0. 53
Rachis 1. 00 1. 13
Leaflet 1. 13 1. 83

Values are expressed in gm/100 gm dry tissue.
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TABLE 19

CHLORIDE CONTENTS IN DIFFERENT PARTS OF 
Gvwnopteris contaminans IN VEGETATIVE AND 
REPRODUCTIVE STAGE.

Plant
parts

Vegetative
stage

Reproductive
stage

Roots 0. 53 0. 35

Rhizome 0. 54 0. 53

Sterile
rachis

1. 82 1. 43

Sterile
leaflet

2.66 2. 13

Fertile
rachis

- 1. 33

Fertile
leaflet

- 2. 12

Values are expressed in gm/100 gm dry tissue.


