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ABSTRACT

The present study was intended to study the effect of sucrose on spore
germination, gametophyte development and sporophyte formation. The
present study revealed that each and every plant requires different nutri-
ent composition and sucrose for their development. The spore germina-
tion wasinhibited by the sucrose supplemented media, basal media showed
the spore germination. The highest percentage (82.6+0.72) of sporophyte
emergence was observed in KC medium supplemented with 1% sucrose
(Cheilanthesviridis (Forssk.) Swartz)., (83.8+1.31) of sporeling emergence
was observed in Mi medium supplemented with 1% sucrose (Phlebodium
aureum L.), KC augmented with 3% sucrose and KN with all the concen-
trations of sucrose showed sporeling emergence Pronephriumtriphyllum
(Sw.) Holttum, and KN medium supplemented with 1% sucrose showed
high percentage (78.3+1.21) sporeling formation in Sphaerostephanos
unitus (L.) (Holttum). The basal medium promotes the gametophyte for-
mation compared to the sporophytes formation. In Sphaerostephanos
unitus the apogamous sporophytes formation was stimulated by the su-
crose supplementation, 1% sucrose supplemented media inoculated pre-
sexual gametophytes induced the apogamous sporophytes formation. ©
2007 Trade Sciencelnc. - INDIA
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Micropropagation of any plant materia dependson
the appropriatenessof the nutrientssuppliedinthe cul-
ture medium. For in vitro culture, water, macro and
micronutrientsand sugar are needed for plant growth
and development. Any changein themedium resultsin
variationinresponseof theexplants. Differentiation and
morphogenesisdirectly depend on the nutrientsand

growth regulatorsin the nutrient milieu. Not only nutri-
entsand PGRs, but also variousother factorsaffecting
plant regeneration from excised cellsor tissues/cal lus
have been studied®. Invitro sporegerminationisthe
best applied and commercialy exploited technology in
fern species. Theadvantagesof in vitro sporegermi-
nation of fernsin devel opmenta and differentiation ud-
iesaredescribed by many authorg'2131410, Sugarisa
very important component in any nutrient medium and
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itsadditionisessential for invitro growth and devel-
opment. Thesugar at aparticular concentration directly
depends on the type and age of growth material/ex-
plants. Sucrose was found to be the best universal
source of carbon in plant micropropagation medium
followed by glucose, maltose, fructose and raffinose.
The concentrations of sucrose play avita roleinthe
developmental/ morphogenesisof plantsparticularly in
pteridophytes. Literatureavailaolevouchfor therole of
sugar on gametophyte devel opment and sporophytes
induction*12103 By manipul ating the sucrose concen-
trationinthe culture medium, production of haploid,
diploid and tetraploid sporophytesaswell asgameto-
phyteswas demonstrated®. Based on thisbackground
the present study wasinitiated to study theimpacts of
sucrose concentrations on the devel opment and mor-
phogenetic activities of Cheilanthesviridis(Forssk.)
Swartz, Phlebodium aureum L., Pronephrium
triphyllum(Sw.) Holttum, Sphaerostephanos unitus
(L.) (Holttum, rare and endangered ferns of Western
Ghats, South India. In addition the present study em-
phasi zed oninfluence of sucrose on gpogamous Sporo-
phytes production aso.

Abbreviations

KC-Knudson C medium; KN-Knop’s medium;
Mi-Mitra medium; Mo-Moore’s medium; MS-
Murashige; Skoog’s medium.

MATERIALSAND METHODS

Thesporesof Chellanthesviridis(Forssk.) Swartz,
Phlebodium aureum L., Pronephrium triphyllum
(Sw.) Holttum, Sphaerostephanos unitus (L.)
(Holttum) were collected from thefertilefronds and
passed through nylon mesh (40um) to removethe spo-
rangia wall materialsand clean sporeswere collected
and usedfor cultureinitiation. They weresurface steril-
izedwith 0.1% HgCl_+0.1% sodium lauryl sulfate so-
[utionfor 3-5min. and washed with steriledistilled wa:
ter for 15min. For spore germination, gametophyte
multi plication and sporophyteformation, thesporeswere
cultured onliquid and agar gelled with variousmedia
with various sucrose concentrations. The cultureswere
incubated under 12h photoperiod/day a 25°C +2°CC
and observationswere made periodically and datare-
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corded. After theinocul ation, the cultureswereincu-
bated at 25°C+2°C under 70% relative humidity and
12h photoperiod/day inacultureroom. All the cultures
werekept in 1200-1500 lux light intensity provided by
cool white fluorescent tubes (Phillips India Ltd,
Mumbai). The sporederived gametophyteswere sub-
cultured on different mediawith different concentra-
tionsof sucrosefor gametophyte multiplication and
sporophyteformations.

RESULTS

Sporegermination

The spores of Cheilanthes viridis, Phlebodium
aureumand Pronephriumtriphyllum, werefailed to
germinate on sucrose supplemented media. Sohaeroste
phanos unitus spores were germinated 1% sucrose
supplemented media, above 1% sucrose concentration
werefailed to germinate.

Gametophyteand spor ophyte devel opment
Cheilanthes viridis (Forssk.)

Invitro raised gametophytesfrom basa mediawere
transferred to gppropriate mediawith different concen-
trations of sucrose. The highest sporophyte(82.6
+0.83%) emergence was observed in KC medium
supplemented with 1% sucrose. The optimal concen-
tration of sucroseranged from 1-3%; at the concentra-
tion exceeding 3% the sporophyte emergencewasre-
duced. Thegametophyteturned paleydlowishgreenin
colour with occasiona in callusformation. The maxi-
mum length(3.03+1.1) of the sporophyte was observed
in KC medium supplemented with 1% sucrose. The
maximum number(38+1.53) of sporophytes was ob-
served in KC medium supplemented with 3% sucrose.
Both number and length of the sporophyte decreased
In concentrations exceeding 3%. Theminimum length
of the sporophyte(1.25t0 0.31) wasobserved in KC
medium supplemented with 5% sucrose. The highest
percentage of callus formation(61.4+1.17) was ob-
served in KC medium supplemented with 5% sucrose
(TABLE1Y).

Phlebodium aureumL.

Thebasa raised gametophytesof weretransferred
toMi, Moore, KC and KN mediasupplemented with
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TABLE 1: Influence of Sucroseon alter nation of generationsin C.viridis, Paureum, Ptriphyllum and S.unitus

M edium with Mean no. of Mean length % of callus
Name(_)f the different sucrose % (.)f gam_etophyte % of sporophyte croziers(cms) of cr ozie?s formation +
SPecies . Jcentration (%) multiplication £ S.D. formation + S.D. +X.D (cms) £5.D. 2D.
C.viridis KC-1% 27.3£0.91 82.6+0.83 30.3+2.3 8.03+1.1 NIL
KC-2% 32.7+0.78 80.3+0.72 334+164 7.27+0.78 NIL
KC-3% 24.5+0.67 80.1+0.63 38.7+153 509+0.71 323+0.81
KC- 4% 11.8+0.79 55.2+0.78 22.3+1.19 3.48+0.44 50.7 +0.88
KC-5% Nil 51.3+0.81 18.33+1.32 1.82+1.24 61.4+1.17
KC - Bas 78.3+£0.81 91.3+1.21 7.1+£031 172+0.57 Nil
P.aureum Mi - 1% 40.3+1.21 83.8+1.31 4.8+0.81 1.4+0.81 -
Mi - 2% 52.8+0.81 29.8+0.81 2.1+0.71 1.1+0.87 20.3+1.24
Mi - 3% 48.1+0.34 11.3+0.84 094031 0.92+1.01  483+1.31
Mi - 4% 40.9+0.43 - - - 60.3+1.14
Mi - 5% 24.1+1.34 - - - 68.3+0.84
Mi - Basal 88.3+1.41 38.4+1.21 1.8+ 1.14 1.38+0.63 Nil
P.triphyllum KN - 1% 55.3+0.81 11.8+0.34 4.5+0.63 1.1+0.29 24.3+1.21
KN - 2% 50.3+1.13 52.1+0.81 7.8£0.5 1.5+0.61 30.1+1.3
KN - 3% 38.3+0.83 34.3+1.04 3.81+0.66 1.1+0.13 60.3 +0.93
KN - 4% 32.3+1.21 23.840.71 27+049  0.99+0.29 65.1+0.73
KN - 5% 25.3+0.34 19.3+0.53 2.0+0.816 0.83+£0.2 65.3 +£0.83
KN - Basal 67.3+1.31/72.3+1.08 Nil Nil Nil Nil
Sunitus KN - Basal 74.8+1.31 76.8+1.41 3.2+1.13 6.3+1.38 Nil
KN - 1% 38.8+£1.13 78.3+1.21 43.6+£1.61 2.39+0.76 Nil
KN - 2% 31.3+0.83 61.1+1.13 425+1.8  249+1.05 Nil
KN - 3% 28.8+1.03 51.3+0.83 27.2£0.9 1.77£0.78 28.3+1.21
KN - 4% 26.5+1.3 375+1.31 20.8+061 0.78+0.13  43.8+1.43
KN - 5% 185+1.34 11.140.31 7.3+0.81 0.6+0.21 53.1+1.21
Pre Sexud KN - Basa 68.6+ 1.36 Nil Nil Nil Nil
KN - 1% 40.3+1.34 74.5+1.43 18.3+1.31 28+1.1 Nil
KN - 2% 36.8+1.38 65.3+1.38 126+1.34  243+16 Nil
KN - 3% 30.8+1.43 48.3+1.21 9.8+1.1 1.88+1.3 25.3+1.21
KN - 4% 25.8+1.48 38.3+1.13 8+0.93 1.73+1.3 52.1+1.37
KN - 5% 16.3+1.48 18.3+1.21 7+1.1 1.63+1.3 58.3+1.44

different concentrationsof sucrose. Highest sporophyte
emergence (83.8+1.31) was observed in Mi medium
supplemented with 1% sucroseand very low percent-
age (11.3+0.84) was observed in Mi medium supple-
mented with 3% sucrose. Sporophyte emergencewas
not observed in high concentration of sucrose (4 and
5%) in Mi medium and in al the concentrations of su-
crosein all the other media. Callusformation (48.3)
wasobserved in al the mediasupplemented with 3%
sucrose and at concentrations exceeding thelevel, su-
crose caused browning of tissuewith formation of yel-
lowish brown callus [4% (60.3+1.14) and 5%
(68.3£0.84)] (TABLE 1).

Pronephrium triphyllum (Sw.) Holttum

BIOCHEMISTRY (mm—

The Knudson C medium supplemented with 3%
sucrose showed the highest percentage (42.3+1.38) of
sporophyte emergence. The KC medium augmented
with other sucrose concentrationsfailed to produce
sporophyte. Butin KN medium, al the concentrations
induced spordlings, the percentage of sporophyteemer-
gencewasVvaried. The highest percentage(52.1+0.81)
of sporophyte emergence wasobserved in KN basal
medium supplemented with 2% sucrose, Followed by
3% sucrose in the same medium (34.3+1.04). High
concentration of sucrose(4% and 5%) induced high
percentage of callusformation. Thecalli wereyelow-
ish brownin colour. The gametophyte multiplication
percentage (68.3+1.23) was high in KC medium
supplemented with 1% sucrose. Thenumber (7.8+0.5)
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of sporophyteswashighin KN medium supplemented
with 2% sucrose (TABLE 1).

Sphaerostephanosunitus(L.) (Holttum)

The Knudson C medium supplemented with 3%
sucrose was induced sporophytes. Other concentra-
tions of sucrose failed to produce sporophytes. KN
medium supplemented with 1% sucroseinduced high-
est percentage of sporophyteformation (78.3+1.21).
Lowest frequency (11.1+0.31) was observed in KN
medium supplemented with 5% sucrose. KC medium
supplemented with varioussucrose concentrationsfailed
to producecallus. KN medium supplemented with su-
crose concentrations exceeding 2% induced thecdlus-
ingtovaried extenson(TABLE 1). Aspart of theex-
periment, the pre- sexual stage gametophytes/ pro-
tonema (before sex organ formation) weretransferred
to different concentrations of sucrosefor sporophyte
emergence. KN medium supplemented with 1% su-
croseinduced high frequency(74.5+1.43) formation of
agamosporous/apogamy sporophyte. Sucrose concen-
tration 1-3% induced sporophyte formation concen-
trations of sucroseexceeding 3% inhibited sporophyte
production, but induced callusformation (TABLE 1).

DISCUSSIONS

Normally for the cultureof cdlls, tissues, or organs,
it isnecessary to incorporate acarbon sourceinto the
medium. Sucrose is amost universally used for
mi cropropagation purposes. Inthe present investiga:
tiondso, variousnutrient mediaweresupplemented with
different sucrose concentrationsfor sporegermination
and theresultsindicated lack of sporegerminationin
sucrose-supplemented media. In controversy to the
present obsarvationg>!¥ reported thesignificant increase
in spore germination of fern speciesby addition of su-
croseinthemedium. Generally growth and devel op-
ment increaseswith increased sugar concentration until
an optimum isreached and then decreasesat very high
concentration. Camloht?, observed the stimul atory &f-
fect on gametophyte devel opment; in the present study
also smilar enhanced devel opmentswere observed. In
controversy, Douglos* observed theinhibitory effect
in Anemia and Pteridium gametophytes. The optimal
concentrationsof sucrosefavored sporeling emergence
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and high concentrationinduced cdlusformation. All the
sucrose supplemented media were not showed the
sporophytesformations, the K C medium supplemented
with 3% sucrose enhanced the sporophye formation
for the sel ected species, other concentration werefailed
to expressthe sporophytesformation except C. viridis.
The KN mediawas suitablefor Thel ypetridacese mem-
bersviz., P. triphyllumand S unitus showed the sporo-
phytesformationin KN augmented with different su-
crose concentration. In Paureumal so, the sporophyte
formation wasobservedinal concentration. Generdly,
the highest percentage of sporophytes observations
observed in 1% supplemented culture tubes. The
present study results were directly consonance with
Thentz and Moncousin™ observationsin Pbifurcatum
gametophytes; they a so observed the highest percent-
age of sporophytesformationin 1-2% sucrose supple-
mented media. In controversy to the present study ob-
servations, Whittier* observed that the ol der gameto-
phytesgrew very well in4% sucrosewhilein the present
study higher concentrationswere promoted the callus
formation. Miller and Miller™® and Kato” observed the
highest sporophytesformationin 2% sucrose supple-
mented media, in addition they noted theimportance of
age of explants also, they observed the highest per-
centage of sporophytesformation inyounger tissues.
Sucrose (above 3%) was an essentid ingredient inthe
mediumtoinducecalusformation. Inthe present study,
KC, Mi and KN supplemented with 4% and 5% su-
croseinduced high percentage of callusformation; they
failed to enhancethe sporophytesformation and game-
tophytemultiplication. In Paureumand Sunitus, the
pre-sexual stage (before sex organ development) ga-
metophyteswereinduced to devel op into sporophytes
without any sex organ. Thusthe production of sporo-
phytes was solely dependent on the presence of su-
crose. The basal medium (without sucrose) failed to
produce sporophyte in Sunitus and P.aureum. Su-
croseplaysakey roleincontrollingthedifferentiation
indifferent phasesin fern system. Low or no sucrose
concentration in themedium favored gametophytefor-
mation and multiplication, while higher concentration
resulted in the shift towards sporophyteand callusfor-
mation. Fundamentally, the sporophytic and gameto-
phytictissuesareidentical, posessing al thecoded in-
formation needed to produce gametophytes or sporo-
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Figurel

phytes depending upon the precise nutritive environ-
ment. In the present study we observed that, all the
four selected speci es produced sporophytesinlow su-
crose (1%) augmented media, above 3 % showed the
unfavorable condition they induced the callusforma
tion, itlengthenthelife cycleof the species. Fromthe
observation we suggest that the optimal conditionfor
thesefour rare and endangered speciesis1to 3% su-
crose supplemented media. The present study describes
theoptima requirementsfor in vitro gametophyte mul-
tiplication, sporophytesformation and callusformation
of C.viridis, Paureum, Ptriphyllumand Sunitus. The
devel oped protocol may enhancethelarge scalemullti-
plication of therare and endangered speciesand help
inthepromotion of itscultivation and compensation of
itslossinthewild.
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