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1. INTRODUCTION

One of the important applications of modern biotechnology is its use in
tissue culture. /n vifro micropropagation techniques are increasingly being applied
lor farge-scale production of quality planting materials. Of the four important stages
in micropropagation, regeneration in vitro, proliferation of the regenerates. rooting
in vitro and transplantation to out door, the last stage is very crucial and important
witlt respect to the establishment of in vitro derived plantlets.

issue culture plantlets have very divergent leaf anatomy and physiology and
henee require an acclimatization period during the transition from culture to green
housc, from a total unnatural system to the very natural environment. The plantlets
may not be able to withstand such sudden shock of the environmental changes. One
of the major impediments to the success of micropropagation is the very high
mortality rate of in vitro plantlets either during acclimatization phase or during
transfer to the field conditions. Desiccation, wilting and pathogenic infection are
main causes of low survival. It is estimated that only about 25 per cent of in vitro
regenerated plantlets are successfully transplanted ex vitro and still fewer cstablish
into the lield (Sivaprasad and Sulochana, 2004). Such a disappointing state of affairs
has been aitributed to certain aberrant physiological features characteristic of in vitro
derived plantlets,

1he poor development of cuticular wax of plants developed under high
humidity condition and the abnormal orientation of micro fibrils and defunct
stomalal system leads o excessive dehydration and wilting of plantlets {Leshanm.
Pag3: Cupellades ef af, 1990). The micropropagated plantlets, during carly stages.
often fail to compensate this water loss through effective water absorption and
transportation as the root hair is not properly developed (Reuther. 1986) und the
vascular connection between root and shoot is defective {Sivaprasad and Sulochana.
2004). This ultimately ends up with heavy mortality due to dehydration and wilting.
lFurther,  plantlets developed under controlled aseptic  conditions are  highly
vulnerable to microbial infection, as their defense mechanism has not been triggered

carlicr. Any technology that helps to improve the water uptake. transport and



maintain high water potential of the plant along with protection against pathogenic
infection ind growth promotion will be of immense application in micropropagation.

Black pepper (Piper nigrum L.) popularly known as “king of spices™ is the
mostimportent spice crop of India. India is a leading producer and cxporter of black
pepper. Keratn alone contributes about 97.2 per cent of the total arca in India
{Parayil and Aipe. 2002). In spite of the steady increase in area under black pepper
cultivation in Kerala, there is no corresponding increase in production. The reason
lor poor productivity of pepper can be attributed to various factors including
diseases. pests and nutrition. Of these, foot rot disease incited by Phvtophthora
capsici is identified as the major production constraint in India. The fungus
irrespective of the age of the plant, infects roots, stem as well as leaves ol black
pepper and causes a loss of 30 to 100 per cent vines (Dutta, 1984).

Micropropagation 1s being extensively used for the production ol discase
free. guality plantlets of black pepper for distribution to the farmers, The high
mortality and slow prowth of the plantlets during acclimatization (hardening) phase
is 2 major constraint. This mortality is attributed mainly to the physiological defects
ol the plantlets as well as infection by foot rot pathogen, . capsici. The
micropropagation technique usually does not take into consideration the existence ol
mutualisiic symbiosis of mycorrhiza and other associative Plant Growth Promoting
Rhizobacteria (PGPRs). An early itnoculation of micropropagated plants with
approprinte symbiotic organism promises 10 improve plant survival and performance
tLovato of af.. 1996}, The soil microorganisms associated with plant species
inftuence the plant growth and development in many ways. Some orgamsms invade
the plant and cstablish mutualistic relationship and often the plants arc benelited in
terms ol better nutrition and protection against diseases. Mycorrhiza, endophytic
Pxcudomanay and  Azospiritlum are known for such interactions. Mycorrhizal
hyphae invade the root rargify inside and the mycelia spread towards the soil. The
mycelium help in the uptake and transport of nutrients and water from the soil. It
also brings about physiological and biochemical change in the host that conlers
improved growth and better tolerance to pathogenic infection (Bolan e «f.. 1987

Davies ef af.. 1993; Sivaprasad ef af., 2000; Sivaprasad and Sulochana. 2004). It is



possible to correct many of the deliciencies of tissue culture plantlets with the

desirable traits of mycorrhizal association. Fluorescent pscudomeonads, in addition to

direet inhibition of pathogens through the production of highly potent inhibitory
metabolites, enters the plant system and produce a spectrum of metabolites which

induces systemic resistance in plants against pathogenic infection (Ramamootthy ¢f «f..

2000). They are also known for the production of growth hormones and improve the

root development and growth of the plant (Kloepper ¢ af., 1980b; Arshad and

I'rankenberger, 1998); Azospirillum is an associative diazotroph that helps in the

nitrogen nutrition of the plant and also improve the growth and development of the

plant throuph hormone production (Okon ef al., 1976; Varma. 1995). Black pepper
plants were also known to associate with microorganisms such as AMF and

Nuorescent pseudomanads, which resulted in improved growth and discase tolerance

(Sivaprasad ef af , 1995b; Sarma ef al., 1996; Sivaprasad et «l., 2003). In the present

investigalion, attempts were made to integrate microbial inoculants such as AMT.

Pycudamonas and Azospiviflum to improve the survival, growth characteristics and

toat rot dizease toleranee of black pepper plantlets.

in order to explott these microbial inoculants in the micropropagation
progranime, availability of quality inoculum is an important fuctor, Although

Pycardemmonas and Azaspirillin can he multiplied and produced aseptically, there is

no o proper technology  for inoculum  production under aseptic  conditions  tor

mycorrhiza, as it is an obligate symbiont. Agrobacterium rhizogencs mediaied
transtormed root culture for mycorrhizal inoculum production is being attempted by

many workers (Chabot ¢r al., 1992; Khaliq and Bagyaraj, 2000; Fortin ef «f.. 2002).

The successful co-culturing of transformed roots with mycorrhiza cnables the

production of mycorrhizal inoculum aseptically.

The present investigation was undertaken with following objectives:

(1) Lvaluation of the cffect of inoculation with AMFE. Azospirithin and fluorescent
pscudomonads in different combinations on establishment. growth and foot rot
tolerance of micro propagated black pepper plantlets. '

{2y Standardization of transformed root culture technique using Agrobacterivm

rhiizogenes for AMT tnoculum production in selected host plant.
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2, REVIEW OF LITERATURE

lissue cullure s considered as an important tool for cloning and
propagation of crop plants. This technique not only increases the scalc and speed
of production, but also yields healthier plantlets. It has got several advantages
over conventional methods of plant propagation with application in horticulture.
agronomy and forestry. Today about 50 per cent of flori-horticultural plants arc

produced through micropropagation techniques (Grotkas e alf., 2000).

The most important problem associated with micropropagation is the
estiblishment of in vire derived plantlets under outdoor conditions. which Jimits
the swidespread use of the technology.  Tissue culture plantlets show certain
aberrant physiological features which lead 1o very high mortality due to
destecation and microbial infection cither during hardening or during transicr to

leld conditions (Capeilades et ¢f.. 1990).
2.0 PHYSIOLOGICAL FEATURES OF TISSUL CULTURE PLANTS

The tissue culture plantlets when planted out undergoe destecation und
drying due to poor development of cuticle and epicuticular wux on the newhs
emerging leaves, as a result of high humidity in the culture vessels (Lesham.
1983). The palisade cells of leaf surface are poorly developed and have
pronounced mesophyll air spaces (Donelly and Vidaver, 1984). ‘The plantlets are
photomixotropic and have leaves with low chlorophyll content and low
photosynthetic rates that impede growth due to poor organization of grana tn the
chlovoplasts of the in vitro growing plantlets along with etiolated effeet produced
by ethylene in the gluss vessels (Grout and Aston, 1977; Lee ef of.. 1985) The
micropropagated plantlets show an impaired stomatal mechanism (Capellades
et af . 1990) due 10 which transpiration rates are initially very high. which results
i willing. necrosis of leaves and may include senescence and death of feaves and
plantlets (Preece and Sutter, 1991). A percentage of cultures show water soukud.

almost tanslucent leaves and exhibits a decline in growth and multiplication



(Debergh et af.. 1981). Lack of proper root hair development in tissue culare
plants in general dircetly affects the absorption of nutrients and water trom the
soil {(Reuther, 1986). These major physiological defects of tissuc culture plantlets
altect uptake of water and nutrients from soil and transportation to the shoot
system and the plantlets become more vulnerable (o desiccation and wilting and

also to puthogenic infection (Sivaprasad and Sulochana, 2004).
2.2 DESIRABLE TRAITS OF AMF

Arbuscular mycorrhizal fungi (AMF) are soil fungi which lorm symbhiotic
association with plants and colonize roots of most of the plant families (Smith and
Read. 1997). Arbuscular mycorrhizal associations are formed by a group of
zygomyeetous fungi belonging to the order glomales (Morton and Benny, 1996,
They impart a varicty of benefits to their hosts. which include increased prowih
and yield due to eshanced nutrient acquisition (Diedrichs and Moawad. 1993,
water relatons (Davies ef al,, 1993; Subramanian ¢/ «f.. 1995), pll tolerance

(Clark and Zcto, 1996) and disease and pest tolerance (Lopez of af.. 1997).
2.2.1 lmproved Nufrient Uptake

The cenhanced plant growth due to mycorrhizal colonization §s mainly
attributed to increased nutrient uptake especially P (Mosse, 1973 Harley and
smith, 1983 Jaizme-Vega and Azcon, [991; Vidal ef af, 1992 Joseph, 1997.
Sivaprasad er «f , 1999a; Khalig et of ., 2001; Estrada-T.una and Davies, 2005
Sivaprasad and Sulochana, 2004). This is because fungal hyphac spread in the
sotl, increase the absorbing surface available for soil nutricnt uptake. which help
in clfective exploration of higher volume of soil for nutrients (Rhodes. 1986:
Bolan ¢ «f., 1987), The role of AMF in improving the uptake of other nutrients
viz N (Vidal er af., 1992; LiMin et «f ., 2002), Cu (Gildon and Tinker. T983: 1Li er ol
FOUTY, 70 (laber ef ¢f . 1991 Chen ef af., 2003), Ca, K. Mg (Liu ¢r of . 2002) e
(Carts ¢f af . 1998), Cd {Guo ¢f af., 1996; Gonzalez-Chavez ¢f af.. 2002). N1 {Guo
et af . 196, Jlamal e al. 2002) and U {(Rufykirt ¢t af.. 2002) were well

documented.



2.2.2 Improved Water Relations

AMI play an important role in water economy of plants (Safir ¢f «f.. 1971,
1972; Al-Karaki, 1998) by improving hydraulic conductivity of the root at lower
soil water potential (Hardic and Layton 1981; Dell’ Amico e «f., 2002: Sanchez-
Blanco or «f.. 2004: Stvaprasad and Sulochana, 2004). AM colonization allowed
plants 1o maintain their water content, water potential and leal transpiration al
high devels iSanchez-Blanco er af., 2004; Yano-Mclo er «f . 1999). Jeflvies ef uf..
(1003) showed that AMF are the most important microbial symbioses. which
under conditions of I* limitation influence plant community development. water

celations and above ground productivity.
2.2.3 Drought Tolerance

~ AMT association enhances tolerance of plants to toxicity and droughi
(Atkinson and Davidson, 1972; Guttay, 1976; Ruiz-Lozano et «f.. 1999:
Davies ¢f al.. 2002). Mycorrhiza induced drought tolerance can be related to
lactors influenced by AM colonization such as improved leaf water and wrgor
potentials  (Al-Karaki, 1998; Sanchez-Blanco ¢t «l. 2004). maintenance of
stomatal functioning and transpiration (Estrada-Luna and Davies. 2003 Sancher-
Blanco ¢f «l, 2004), greater hydraulic conductivitics and root development
(Sivaprasad and Sulochana, 2004). AMFE treated plants fully recovered plant
photosynthetic activity under drought stress (Borrowska, 2002; Sivaprasad and
. Sulochana, 2004). Mycorrhizal colonization was found to improve waler use

efficiency and plant yield in watermelon (Kaya ef /., 2003).
2.2.4 Well Developed Root System

hue to endomyeorrhizal inoculation, host plant roots have a clunged
morphology by increasing lateral root number and root length (Schellenbaum
el w1991, AMF inoculation stimulates rooting and enhances root production of’
plants. which results in better uptake of soil nutrients (Berta er ol . 1990:
Anandaraj and Sarma, 1994a; Thanuja ef al,, 2002). Guillemin er of (1994)

showed that AMF inoculation resulted in larger and more eflicient root system in



nticropropagated plants of pineapple. AMF colonized micropropagated sugarcane
plants showed excessive root growth and root dry weight, which results in better

survivitl ol these plants (Gosal er al., 2001).
2.2.5 Salt and Heavy Metal Tolerance

AMI can accelerate the revegetation of severely degraded lands such
as coal niines or waste sites containing high levels of heavy metals ( Marx.
1975). AMI association reduces impact of environmental stresses such us
salinity (Ruiz-Lozano et al., 1996). Mycorrhizae were found to ameliorate
the toxicity of trace metals in polluted soils (Jamal er ., 2002). According
o Lwo er af. (2003), Glomus caledonicum seems to be a promising
mycorrhizal fungus for bioremediation of heavy metal contaminated soils.
AM associations are reported to be present on the roots of plants growing on
heavy metal contaminated soils and play an impertant role in metal tolerance
and accumulation and isolation of these indigenous and presumably stress-
adapted AMF can be a potential biotechnological tool for inoculation of
plants for successiul restoration of degraded ecosystems (Gaur and Adholeva.

20043,
2.2.6 Improved Soil Structure

AM hyphae play an important role in erosion control by binding soil
particles together and thus maintaining soil stability (Miller and Jastrow, 19904,
AMI enhances revegetation of degraded soils like mine soils (PHleger er of.0 1994
by soil stabilizing (Bethlenfalvay and Newton, 1991) and plant growth promoting
cliccts (Comprubi ¢f ol 1990) of AM symbiosis. Raco and Tak (2002) obscryed
that soil inoculation with G. mosseae has significantly enhanced plant growth and
biomass production in limestone mine spoils. AM fungi improve soil texture by
binding soil particles into stable aggregates that resist wind and water crosion

(Rillig and Steinberg. 2002; Steinberg and Rillig, 2003).



23 PHYSIOLOGICAL AND BIOCHEMICAL CHANGES DU TO AME
COLONIZATION IN HOST PLANT

Sulter  (1988) studied stomatal and cuticular water  loss  during
aeclimatization in apple, cherry and sweet gum plantlets and found that in
acclimatized plantlets. stomatal conductance of persistent {caves decreased o
about half ol that in the in vitro leaves while cuticular conductance remained the
same.  He concluded that increased stomatal closure reduced the conductance.
The capability of in vitre stomata to adapt to the new environmental conditions by
modilying guard cells during acclimatization enlighten the role of stomata in
death of micro propagated Prunus cerasus plants after their transfer to the external
environment (Martin e{.‘a:’., 1988). Mycorrhizal pepper plants show high net
photosynthetic flux, tissue P concentration, stomatal conductance or leaf turgor
during high environmental stress or recovery from stress. which indicated supertor
drought resistance of these plants (Davies ef af., 1993). The stomatal conductance
was increased by Glomus fusciculutum in unimproved genotvpe ol maize
(Agutlera-Gomez ¢f af.. 1998). The mycorrhizal plants were more water use
¢lficient than non-mycorrhizal plants (AI-Kéraki, 1998). According to [fernandes-
Scbastia er ¢f. (1999) root colonization by Glomus intraradices modifics the water
status, control of water losses and osmotic relations of micro propagated
strawberry plantlets under f#7 vitro conditions of high humidity. [Endomycorrhizal
(Gloms intrardices) colonization in Chile ancho pepper alleviated low P eftects
by increasing net photosynthetic rate, stomatal conductance. P use efficiency and
decrcasing internal ('0); concentration {Aguilera-Gomez ef af., 1999). Micro
propagated banana plants when inoculated with AMF during acciimatization
phase show increased nutrient level, photosynthesis and transpiration rate, water
potential and stomatal conductance (Yano-Melo ef af., 1999). AMF colonized
Chile ancho pepper plantlets showed lower abscisic acid and higher relative water
content than non-AMI* plantlets, during peak plant dehydration (Listrada-1una and
Davies, 2003). Under drought stress, mycorrhizal (Vea ewropuca seedlings
showed significantly higher photosynthetic and transpiration rates. stomatal

conductance and foliar P concentration, than its similarly sized non-mycorrhizal



counterpart (Caravaca ef al., 2003). Higher photosynthetic rate and stomatal |
conductance as early as days five and seven after inoculation with AMI than non-
mycorrhizal plantlets were noticed in Chile ancho pepper (Estrada-l.una
and Davies, 2003). Rosmarinus officinalis plants when inoculated with
Glomus deserticola improved photosynthetic activity and stomatal conductance
under water stress when compared to non-mycorrhizal stressed plants (Sunchez-
Blanco ¢f al,, 2004). The photosynthetic activity of plants is improved due to
AMFE colonization (Sivaprasad and Rai, 1985; Yano-Melo er «f.. 1999:
Dell’Amico ef al., 2002, Caravaca ef al., 2003; Sanchez-Blanco ef «f., 2004).
The reduction in stomatal and mesophyll resistance to carbon dioxide uptake,
increased chlorophyll content and better hydration of plants brought about by
AMTI colenization favors CO; fixation (Sivaprasad and Sulochana, 2004). Root
colonization by AMF results in increased vegetative growth, total chlorophyll
content and uptake of nutrients by host plant (Mathur and Vyas, 1999; Sanchcz-
Blanco ¢t af., 2004).

Phenolic compounds in plants were considered to be preformed inhibitors
ol piuthopens, which play a stgnificant role in discase resistance (Mahadevan.
19701, According to Bhatia er al. (1972) resistance to pathogens has been
correlated with the phenol content of roots. The mycorrhizal inoculation has been
reparted o impart resistance to the host against a spectrum of diseascs {(Dehne and
Schonbeck, 1979). Nemec and Meridith (1981) showed abundance ol phenols
especially orthodihydric (OD) phenols in AMF structurcs. Mycorrhiza treated
plantlets showed increased resistance to soil borne pathogens due to higher
production of phenolic compounds including phytoalexins within the plant system
(Hussey and Rancodori, 1982). Inoculation of peanuts with . fasciculatum
conferred resistance against Sclerotium rolfsii attack, which was related to the
higher phenolic content in the host tissue (Krishna and Bagyaraj, 1983) A
continuous incrcase of total soluble phenols in arbuscular mycorrhizal roots of
Arachix  hypogea was also reported by Krishna and Bagyara) (1984)
Histochemical studies on mycorrhizal plants showed enhanced phenolic

accumulation on groundnut roots at early stages of mycorrhiza formation (Krishna



and Bagyaraj, 1986). Sivaprasad and Rai (1987) reported higher activity of
phytohormones like cytokinin and indole acetic acid in plants inoculated with
AMLI which results in better growth and development. Increased phytohormone
activity due to AMFE was also reported by Allen e/ a/. (1982), Barea and Azcon-
Aguilar (1982), Danneberg et al (1992) and Goicoechea et af. (19953).

Mycorrhizal inoculation resulted in a significant enhancement of
pereentage of colonization, dry matter and phenolic content of sesame plants in
sterihzed soils and this could be due to the contribution of AM fungal structures
tSelvaray and Subramanian, 1990). Grandmaison et af. (1993} found no qualitative
difference in the soluble and bound phenolics isolated from non-mycorrhivzal
A cepa roots with those from mycorrhizal roots but the mycorrhizal roots
showed higher concentration of wall bound phenolic compounds. Binding of
phenolic compounds to ecll wall could be responsible for the resistance of AM
roots (o pathogenic fungi, as it results in increased resistance by the cell wall o
the action of digestive enzymes. Increased total phenol content in maize plants
due to (. fusciculatum inoculation has been reported (Chabra and Jalali, 1995).
The total phenol and orthodihydroxy phenol content of tissue culture plantlets of
jack was significantly increased due to AMF inoculation (Sivaprasad er ..
19954y, ligh phenol content in black pepper plants was also reported by
Sivaprasad ¢f of. (2000). AMF colonization alleviated the physiological effects of
soil phosphate deficiency and induced changes in root phenolics and then

regulates the degree of mycorrhizal colonization (Ganz ef al., 2002).

Itigher rates of amino acids and reducing sugars in the plant root exudates
was correlated with enhanced AMF colonization resulting in subsequent disease
suppression (Graham ¢f @f., 1981). Synthesis of new proteins or Ivtic cnzymes in
pea tissues on inoculation with mycorrhizal fungi hydrolyzed the polymers of cell
wall and was considered as a defense response to invasion by parasitic organisims
(Mauch ef al., 1988). According to Rao and Rao (1998), total soluble sugar
concentration was hugher in mycorrhizal plants of black gram and green gram than
non-mscorthizal plants. Boucher ef af. (1999) showed that soluble protemn

comeentration was remarkably increased with Glosus etunicatun colonization in



maize plants, In clover seedlings under salt stress conditions, the intensity of salt
stress showed a positive correlation with sugar accumulation for the plants
inocutated with AMIY (Khaled et «/., 2003). Nodulated clover scedlings inoculated
with AMI" showed antagonistic interaction while in secdli‘ngs inoculated with
AMLE alone, phosphate nutrition was improved which help in salt tolerance. Both

types of symbiosis helped to increase leaf protein content (Khaled er «/.. 2003).
24 INILGRATION OF AMF TECHNOLOGY WITH TISSUL CULTURI:

Studies have proved that successful hardening and ex virro cstablishment
of micro propagated plantlets could be achicved by inoculation with AMF at the
time of planting out (Lovato et «f., 1996). One of the earlicst reports by Granger
el al. (1983) on the cftect of AMF (Glomus epigaeum) on apple clones suggested
that the growth and leaf mineral content of two apple clones propagated in vitro
were increased substantially with AMFE inoculation.  The growth of in vitro
cultured strawberry plants were also enhanced duc to the association of AMF
(Kiernan ¢f «f., 1984), The rooting of plantlets regenerated from callus was
significantly enhanced by inoculation with Glomus mosseae (Fogher et al., 1986).
The transplant success and growth of Robus idaeus plantlets due to AMF
inoculation was also reported by Pierik (1987). Mycorrhizal cstablishment
signtficantly improved cstablishment, growth and mineral nutrition of oil palm
plantters 1Blal and Gianinazzi-Pearson, 1988).  The eftect of AME inoculation in
nicropropagated Populus deltoides was evaluated and 1t was found that roeted
and hardened plants were best suited for AMFE inoculation than other stages and
also a positive response and colonization was obtained in termis of active root
proswth tAdhofeya and Cheema, 1990). Micropropagated jack plantlets showed
increased growth, survival percentage of 80-100 per cent and increased uptake of
all the clements except iron as a result of AMF association (Ramesh, 1990).
Micropropagated banana plantlets inoculated with Glomus mosseae or Glomuy
menosporupt enhanced plant growth, P and N uptake and biomass production
(Rizzardi. 1990). According to Sreelatha (1992) AMFE association enhanced

survival, growth characteristics and uptake of nutrients in micropropagated



anthurivin. Inoculation with AMF seems to be the key factor for subscquent
growtl and development of micropropagated plantlcts of avocado (Vidal ef of..
[O92). Attempt to cstablish rose plantlets using AMF inoculation was met with
considerable success (Wilson, 1993). Inoculation of micropropagated banana
planticis with Glomus mosseae and G. geosporum resulted in greater fresh and dry
weights ol shoots and higher P and K content (Declerck et «l., 1994). [n vitro
propugaed cherry plants showed better growth and biomass production due to
moculation with AMF (Lovato ¢f al., 1994). Sivaprasad ef al. (1995a) observed
enhanced survival rate, growth and phenol activity in AMF inoculated jackfruit
plantlets. [noculation with Glomus deserticola on micropropagated plantlets of
cassava in the post vitro, weaning stage enhanced per cent survival, tolerance o
transplanting stress and shoot, root and tuber development (Azcon-Aguilar ef af .
1997). Glomus constrictum signtficantly improved the biomass production.
nutrient uptake and acclimatization of in virro plantlets of Zizyphus mauriticng
into the lield (Mathur and Vyas, 1999). Banana plantl\cts inoculated with
mycorrhizae during the weaning stage of micropropagation produced a
more eilicient root system for the uptake of phosphates and other nutrients
(Severn-1illis, 1999). Application of Glomus etunicatum on micropropagated
Baptisia tinctoria promoted plant survival which is of particular interest in the
propagaiion of pharmaceutically important clones (BK 36. BK 37) as the higher
survival rates would make commercial plant production economically teasible
(Grotkas of al., 2000). Micropropagated Allium sativim plantlets inoculated with
Cilomuy mosseae exhibited better growth than control plantlets under ex vitro
conditions (Lubraco ¢f af., 2000). Glomus fasciculatum, G. etunicatim and a
native (flomus sp. inoculation on tissue culture plantlets of banana showed that
AM colonization significantly increased the establishment rate, growth. vigour
and biomass production during acclimatization and after transplanting to pots
along with remarkablce increase in P and Zn content due to G. fasciculatum
colonization {Sivaprasad et al., 1999b). A significant increase in growth, vigour
and biomass production during acclimatization and after transplanting to pots was

observed in tissue culture plantlets of alocasia when inoculated with Glomues sp.



andd 05 fasciculatum (Sivaprasad ef al., 19994). Yano-Mclo ¢ «f. (1999) also
found (hat micropropagated banana plantlets inoculated with AMF had greater
height. leaf arca and fresh weight of shoots and roots, as well as higher rates of
photosynthesis  and  transpiration  than  control  plantlets,  AMF  {noculation
increased the number of runners and daughter plants in micropropagated
strawberry plants than control plants along with signif;i'cant increase in N
and I content in daughter plants (Alarcon er «/., 2000). Inoculation with
(loms munihotis inoculation significantly increased plant growth, root growth
and nutrition of micropropagated cassava plants and also increased the field
adaptability of plants, especially in. marginal soils (Calderon er af.. 2001).
According 10 Gosal ef al. (2001) AMF infected sugarcane plants had better
survival and excessive root growth upon transfer to soil. Taylor and Harrier
{2001y reported that AMF improves mineral nutrition of micropropagated
stravwherry plants. Under drought stress conditions, AMF treated micropropagated
pliantlers of strawberry fully recovered their photosynthetic activity when watering
was restored when compared to non inoculated plants (Borrowska, 2002).
Plantlets of coffee inoculated with Glomus clarum increased plant height, leat pair
number, root number and also exhibited significant difference in cnzymatic
activilics than un inoculated plants (Fernandez ef «f., 2002), Cultivars ol
micropropagated banana showed high relative mycorrhizal dependency (RMID)
vilues and  also high N, P and K contents (Jaizme-Vega c¢r «f. 2002).
Micropropagated taro plants after inoculation with AMFE showed increased
survival rate, contents of N, P, K, Cu and Zn in tissue of roots and leaves (LiMin
ef af - 2002). Zeleenik ef al. (2002) observed that transfer of micropropagated
plantlets of yellow gentian into sterile substrate with mycorrhizal inoculum
produced higher number of shoots that survived compared to transfer to sterile
substrale with stertle mycorrhiza or into sterile substrate without mycorrhiza.
Growth and development were faster in mycorrhiza treated Fohinacea pullidi
plantlets than in non treated ones and the presence of well formed arbuscules and
vesicles in infested roots in addition to 90 per cent success in the survival rate of

vigorous plants indicated that mycorrhization is a valuable tool 1o overcome



Fohinacea acclimatization shock (Lata er ., 2003). Gigaspora margarite
promoted  growth, mineral nutrition and mycorrhizal colonization of
micropropagated banana plants in different stages of rooting (Lins ¢ uf.. 2003).
Micropropagated seedlings of banana when inoculated with Gigaspora mareariiu
i the acclimatization phase resulted in high mycorrhizal colonization and
mcreased growth (Trindade er al.. 2003). AMF inoculated micropropagated Chile
anche pepper plantlets had greater transpiration rates, photosynthetic rates. leal
chiorophyll content, leaf clemental N, P and K content, leaf dry biomass. leal arca
and fruit production when compared with non AMF plantlets (Estrada-Luna and

Davies, 2003).
25 CROP RESPONSE TO AZOSPIRILLUM

Plant growth promoting rhizobacteria like Azospiriflum were known (o
contribute significantly towards plant establishment, growth and discase wolerance.
e henelicial effect ol Azospirillum on plant growth is by way of associative N
fixation. capability to produce plant growth hormones and their effect on root
maorphology (Okon. 1985). Azospirillum inoculated plants showed increase in
number of Jateral roots with dense root hairs, root volume and root dry weight
(Dewan and Rao, 1979). Inoculation with Azospirilfum could induce rooting in
black  pepper cuttings (Govindan and Chandy, 1985). Inoculation with
Azospirillum increased root development, growth and biomass production in crop
plants in the nursery and field (Hadas and Okon, 1987). Azospirilium inoculation
increased root length, root dry weight and total leaf area of tomato plants (Hadas
and Okon. 1987). root growth, root volume, plant height, girth and number of
leaves of bhindi (Parvatham et af., 1989). Govindaswamy ef «f. (1992) reporled an
imcrcase in total grain yield and straw yield of rice due to Azospiriflin:
inoctdation, Inoculation of Azospiriflum in cabbage gave significantly higher vield
(han untreated control (Jeevajothi er af., 1993). Significant increase in plant
heipht, stem picth, root length and root weight was recorded due to imoculation
with  Azespirithun hrasifense in coffee seedlings  (Swarupa. 19901 Scad

moculation of Azospiritlum brasilense in wheat plants increased the leal area.



chlorophyll coneentration, nitrate reductase activity, total biomass production and
grain yield compared to untreated control (Panwar and Singh. 2000). Ability
ol Azospirillum to fix N has been confirmed by many workers
(Lakshmikumari er al., 1976; Okon et af.. 1976). The nitrogen fixation of the
bacteria was found to be in the range of 20-24 mg N g™ of carbon source
(Okon «of «f.. 1976). Azospirillum strains produce phytohormones such as TAA.
gibberellin and  cytokinin like substances, which play an essential role in
Azospiritlum plant interaction (Tien er af., 1979). The phytohormones induced
rool hair multiplication, shortening and thickening ol roots in monoexenic cultures
tUimali-Giarcia, 1978). Varma (1995) observed that Azospirillum iselates from
pepper produced maximum quantity of TAA cquivalent to 69 pg mi™ . The
combined inoculation of selected native AMF cultures and Azospiritlion isolates
i chilly plants improved growth and suppressed damping of? disease.  Even
though . fzaspirifium had no direct effect on disease suppression, dual inoculation
ol AME and  Azospirilium could suppress the discase (Kavitha, 2001
Incorporation of Azospirillum bioformulation increased root and shoot growth, dry
weight and total N of both vegetativeiy propagated plants and scedlings of tea and

also produced growth hormones like IAA and GAj in soil (Baliah er of., 2003).
26 INTERACTION OF AZOSPIRILLUM WITH AMF

IMcovsky er al. (1985) reported synergistic interaction between AMIE and
Azospivitlim in many crop plants, which leads to [urther inerease in plant growth
characteristics, Soil inoculation with Glomus mosseae and G. favcicalaiimn along
wilh Azospirillun hrasilense produced significantly higher dry matter production
and grain vield in barley (Rao ef «f., 1985). Inoculation of sweel potato cuttings
with AMI and Azospirillum significantly increased the growth, plant N and P
content, tuber weight and starch content (Kandasamy et «f.. 1988). Duai
inoculation of maize with A brasiliense and G, fasciculatron  signiheantly

increased plant growth. vield and dry matter (Sreeramulu ef ¢f.. 1988). Combined

increased plant height and shoot and root weight compared to control (Bopaiah



ad Khader, 1989). Inoculation of Gigaspora margarita and A, brasilense in
voffee seedlings resulted in increased shoot length. root length, total dry weight
and upluke of N, P and micronutrients such as Fe. Cu, Zn and Mn (Kumari and
Balusubramanian, 1993).  Murumkar and Patil (1996) found that combinced
moculation of AMF and Azospirillum gave the highest yield of 19.1 t ha™ in bell
pepper. Dual inoculation of AMF and A. brasiliense increased the growth. vield
and oil content of palmarosa significantly over uninoculated control (Neelima and
Janardliunan, 1996).  Kennedy and Chellapillai (1998) found that combined
mocutation of AME and Azospirillum showed increased height, total dry weight,
AMIT colonization and total N and P uptake in Shola tree species. Growth and
nutrient content of black pepper cuttings were significantly higher when
iocalited with Glomus sp., Azospiritlum and phosphobacteria (Kandiannan ef ¢f..

2000). the importance of biofertilizers such as AMF and Azospirilium in

nmproving the supply and availability of nutrients in varying cropping systems of’

fndia has been explained by Pande and Gupta (2000).
2.7 AZOSPIRILLUM IN TISSUE CULTURE

Not much attempt has been made so far to make usc of Azospirilltan n
nicropropugation. A preliminary study conducted in banana and alocasia
plantlets with AMF and Azospirillum inoculation showed better survival. growth

and vigour of plantlets during hardening (Sivaprasad ef «l., 1998).

28 FEVORESCENT PSEUDOMONADS FOR CROP GROWTH AND
H-ALTH

Plant growth promoeting rhizobacteria such as fluorcscent pscudomonads
are hnowe o contribute significantly towards plant establishment, growth and
discase lolerance of crop plants (Suslow and Schroth, 1982). The use of PGPR as
Liofertilizers Tor prowth promotion of crop plants is gaining much attention.
Fluoreseent  pscudomonads may promote plant growth by producing
phytohormones like auxins and gibberellins (Loper and Schroth, 1986} Barca
ef af. {1976) obtained |7 isolates of Pseudomonas fluorescence. which produced

[AA. gibberelling and cytokinins. Enhancement of plant growth has been



attrtbuted 10 yeliow green, fluorescent siderophores produced by Nuorescent
pseudomonads (Kioepper er al., 1980a). The growth promotion of winter wheat
was achiceved by treating with several strains of Pseudomonas spp. in green house
and 1ield condttions (Defreitas and Germida, 1992). Rangheswaran and Prasud
(2000) reported increased growth in chickpea seeds treated with P. fluoreseence.
Fluorescent pseudomonads are known (o produce considerable quantity of growth
horntones that helps in the growth and root development ol crop plants
(Heera, 2002). Anandara] ef «l. (2003) reported that application of
rhizoabacteria (. fluorescens and Bacillus) and Trichoderma harzianum resulied
in significantly enhanced growth of black pepper, which resulted in increased

number of nodes and cuttings.

IFluorescent pseudomonads are recognized as effective biocontrol agents
against most of the fungal and bacterial plant pathogens (Howell and Stipanovic.
1979 Lifshitz e af., 1987, Laha and Verma, 1998; Ranghcswaran and Prasad.
2000). They can suppress many plant diseases duc to their general biological
activities including competition for space and nutrients (Rosales er al.. 1995},
production of volatile and antimicrobial substances such as iron chelating
siderophores and HCN (Raaska ¢f «f., 1993; Dave and Dube, 2000: Mondal ¢r «f.
200, inhibition of ethylene synthesis (Glick er «f., 1994). production of
antibioties {Schinder ef af., 1994, Anith er ¢f., 1999), mobilization of P (Delreitas
ef al.. 1997) and production of growth stimulating phytohormones (Arshad and
I'rankenberger,  1998).  Besides  suppression of  plant  discases by these
muechanisins, fluorescent pseudomonads induce systemic resistance n plants
against altack by a wide range of pathogens (Ramamoorthy er «f.. 2001
Viswanathan and Samiyappan, 2002). Pseudomonas fluorescence isolae MM
inhibited mycelial growth of Pythium aphanidermatum and promoted plant
prowth in tomato and chilly due to higher accumulation of Phenylalanine
Ammonia Lyase, Peroxidase and Pelyphenol Oxidase m the treated plants
(Ramamoorthy ¢ ol 2002). Meenakumart e ol (2003) also reported that
Huoreseent pscudomonad isolate Py is effective for controliing bacterial wilt of

chilli caused by Ralstonia solanacearum.



29 FLUORESCENT PSEUDOMONADS IN TISSULE CULTURE

Not much work has been done so far to make usc of fluorescent
pscudomonads in micro propagation. Commercial mycorrhizal inoculants and /.
flnorescence isolates CHAO and IP 14 have been shown to promote growth during

and after weaning stage of potato micro plants (Dully ef ai.. 1999).
210 BIGLOGICAL CONTROL OF FOOT ROT DISEASE OF BLACK PEPPER

oot rot or quick wilt disease caused by Phytophthora capsici Leonian is
considered as one of the major reasons for low productivity of black pepper in
Kerala (Samraj and fose, 1966). This disease affects all stages of the crop right
from the nursery to the main field. The efficacy of currently used agrochemicals
s varable and often not cost effective and undesirable in the health and
environmental point of view. Presently microbial antagonists are increasingly
being used for the management of the disease (Sarma ef af., 1996; Sivaprasad.

1998).

The beneficial effect of arbuscular mycorrhizal association on growth and
development of black pepper were reported by many workers (Manjunath and
Bagsaraj. 1982; Bopaiah and Khader, 1989; Sivaprasad, 1995b; Robert, 1998:
Anandariy and Sarma, 1994a; Divya, 2002). Anandary) ¢f «l. (1993} obscryved that
the vse of endomycorrhiza as a biocentrol agent significantly reduced foot ro
incidence in pepper.  The suppressive effect of AMF was due to enhanced root
regencration, nutricnt uptake and altered host physiology in mycorrhizal plants
(Anandaraj and Sarma, 1994a; 1994b). Sivaprasad et al. (1995b) pot a negative
corrclution between foot rot incidence and percentage of mycorrhizal intection
and spore count in black pepper mycorrhizosphere. Anandaraj et af. (1996)
emphasized the need for using native isolates of arbuscular mycorrhiza lor
reducing the incidence of foot rot in black pepper. AMF inoculated black pepper
cuttings when planted in a diseased field there was signiticant reduction of discase
incidence in mycorrhizal plants (16,5 per cent) as compared o control (28.3 per
cent) (Dare, 1996). AMF enhanced rooting in black pepper cuttings and

compensale root damage by fool rot pathogen (F.capyici) (Sarma er af.. 19906).



Black pepper plants inoculated with Glomus monosporum had no mortality (il
1 . - . . . -
H0™ day and in inoculated plants there was also an increase in biomass production
(Robert. 1998; Sivaprasad ef «l., 2000). A similar result was also reported by

Thanuja and Hegde (2001) in pepper after inoculation with Glomus fasciculatum.

IMuorescent pscudomonads were effective in checking the growth of
Phytophthora capsici and suppressing the expression of foot rot symptoms in
black pepper under controlled conditions (Sarma et ¢f., 1996). Exhaustive studies
were conducted  for the control of soil borne discases using fluorescent
pseudomonads  and  reported  effective  suppression  of  many  pathogens
{Ranpeshwaran and Prasad, 2000). Varshney and Chaube (2000) also reported
that 7. fluorescens was more effective in growth promotion and discase
suppression when it was applied along with AMF. Pscudomonas isolates. PN-015
and  PN-026 colonized the planting material of black pepper and oflered
protection [tom P. capsici induced nursery wilt (Anith ¢ «f., 2002). Fluorescent
pscudononad isolates I’ and Py isolated from rhizosphere soils of black pepper
were found to be effective in reducing foot rot incidence and mortality of black
pepper plants from 100 per cent recorded in control to 25 and 6.25 and 56.25 and
IR.75 per cent respectively and their effect on growth and root development was
dlso sipniiicant (Sivaprasad et al., 2003). Foot rot aflected black pepper plants
treated with fluorescent pseudomonad, Pseudomonas putida strain 89B61 showed

dual function of disease suppression and growth promotion (Nair, 2003),

Fventhough Azospirillum was reported to suppress damping oft discase in
chilly (Kavitha, 2001), no work was reported so far against foot rot discase in

black pepper.
2,11 INOCULUM PRODUCTION OF AMF

Arbuscular mycorrhizal fungi (AMF) are obligate symbionts and must be
prown in the presence of a living host plant (Habte, 1990) or at least with host
roots. An effective AM fungal inoculum should promote cconomically significant
prowth, [ree of pathogens and contaminaats and should be cconomically produced

and Tormulated with sullicient shelt life.  The most common techniques used Hor



inoculuin production are soil based inoculum production. soil less substrate based
inoculum preduction, hydroponic and aeroponic culture {(Mosse and Thompson.
L84, Jarstler and Sylvia, 1994). In almost all these techniques, the inoculum gets
mixed wilh pathogenic and saprophytic microorganisms. The quality of AME
iIIUCIIILII\II produced is very important in tissue culturc use. Several unsuccessiul
attempts have been made to culture the organism under in virro conditions using
different media (Raman and Sambandan, 2000; Raman e/ /., 2001). Typical
AME mlections can be produced in entire plants grown axenically in agar media
{Mosse, 1962}, Mosse and Hepper (1975) obtained AMF infections in clover root
organ cultures grown in modified White’s tissue culture medium containing
sucrose.  Axenic culture of AMF was obtained in plants grown in agar media
(Allen er af., 1979), sand culture (St. John ef o/, 1981) and in flowing solution
culture (Mce Donald, 1981). However, attempts made to make use of transformed
rool cultare technique using Agrobacterium rhizogenes for the AME oculum
production under aseptic conditions met with considerable success (Mugnicr and
hosse, TURT: Beeard and Fortin, 1988; Chabot ef ¢f., 1992; Potty. 1998: Khalig
and Bagyarag. 2000; Potty, 2001, Tiwari and Adholeya, 2002).

2.11.1 Transformed Root Culture Technique for AMF Inoculum Production

The pathogenic conditien known as ‘hairy root” is caused on the host plant
by Agrobacterium rhizogenes (Rikes et al..) Conn. (Ark and Thompson. 1961).
[he  bacterium infects the sensitive host plant and stimulates  excessive
prolitcration of roots (Chilton ef al,, 1982) by transferring root inducing Rt T-
DNA to plant (Schenk, 1982). Becard and Fortin (1988) developed an in viiro
system using Ri T-DNA transformed carrot roots and vesicular arbuscular
mycorrhizal  fungus, Gigaspora margarita to study the initial cvents of
mycorchiza  formation. Mugnier (1987) could obtain typical inlections of
Polynnyya betae and Plasmodiophora brassicae in root organ culture of their host:
Beta vuluariy or brassicae, containing the root inducing translerred DNA of
A rhizogenes. Becard and Piche (1990) studied the physiological factors

determining AMF formation in non host (Sugar beet) and host {carrot) Ri T-DNA



transiormed roots and found that sugar beet roots lack factors that promote
mycorthizal infection. In addition to G. margarita and G. mosseae, other species
ol AMF that have been cultured in transformed roots are GG intraradices (Chabot
ef al [ 1992), G. giguntea (Douds and Becard, 1993). Leu et /. (1994) obtained in
vitro sporulation of AMF, Gigaspora gigantea and Glomus mossewe by dual
culture with carrot Ri T-DNA transformed root and tomato root culture. Declerck
of af. (1996) and St. Arnaud et al. (1996) also reported in vitro culture of
(. oversiforme and G. intraradices in transfornied roots. Bi Yin Li e af. (1999)
studied  the morphological characters of AM symbiosis belween AMI and
transtormed Ri T-DNA carrot roots. Karandashov er of. (1999) investigated the
pre requisites for in vitro culture of AMF topether with plant hairy roots.
Pawloska ¢f al. (1999} reported the establishment of monoxenic cultures of
Glomuys etunicatum in association with excised Ri T-DNA transformed carrot
roots. Khaliq and Bagyaraj (2000) also succeeded in making use of transformed
oot culture techoique using A. rhizogenes for AMF inoculum production under
aseptic conditions.  Dalpe and Declerck (2002) for the first time, successiully
groew a strain of Acaunlospora rehmii in vitro in Ri T-DNA transformed carrot
roats allowing the in vitu observation of Acaulospora spore development and
extra radical thin walled hyphal swellings. The method by which root organ
cultures (transformed and non transformed) have been obtained. together with the
choice of host species. inoculation techniques and culture media and alsa the
considerable impact that in vitro toot organ cultures have had on studies of AMF
morpholopy, taxonomy and phylogeny was described (Fortin ¢f af.. 2002}, Tiwari
and Adholeya (2002) reported successful co culture of two genera of AMI,
Crlomus infraradices and Gigaspora margarita under in vitro conditions using R
1-DNA tanslormed carrot roots. Various stages in the production of hairy roots
in u lesser known tuber crop, Vigna vexillata using Agrobuacteriim rhizogenes
ALCC 15834 strain for cultwing mycorchizal  fungi was reported by

Pratapehandran and Potty (2004).



3. MATERIALS AND METHODS

The present investigation on integration of microbial inoculunt
technofopy with micro propagation of black pepper (Piper nigrim 1..) and atlempt
to standardize the production of arbuscular mycorrhizal fungi (AMI) in
Agrobacterium rhizogenes mediated transformed root culture was done at College
ol Agriculture, Vellayani during 2002-2004. The materials and methods involved

in the tnvestigations are given hereunder,

31 ETFFECT OF MICROBIAL INOCULANTS ON SURVIVAL AND GROWTT
OF MICRO PROPAGATED BLACK PEPPER PLANTLETS

Tissue culture plantlets of black pepper cultivar Panniyur-4 developed in
the Tissue Culture Laboratory, Department of Plant Biotechnelogy. College of
Agriculture, Vellayani were used for the entire study. The nodal segments and leat
scgments from selected source plants were used as explants. They were surface
sterilized and cultured in culture establishment medium (Half strength MS
medium supplemented with growth regulator, BAP) (Murashige and Skoog. 1962)
(Appendix ). After callus induction the cultures were transferred to multiplication
medium (Half strength MS medium with 1 ppm each of BA and 1AA) {Murashige
and Skoog, 1962). which enhanced the release of axillary buds. For in vitre
rooting, the cultures were transferred to rooting medium (Half strength MS
medium with 1.5 ppm of IBA) (Murashige and Skoog. 1962). These plantlets were
used Tor planting out, when they produced two to three roots in the rooting
medium in three weeks period, Microbial inoculants such as native mixed
inoculum  of AMF containing isolate of Glomus fascicwlatum.  Glomis
monosporim and Glomus sp., Azospirillum brasilense isolate No. AZR 37 and
Pseudomonas fliuorescence isolate No. P1 obtained from the microbiology section.
Department of Plant Pathology, College of Agriculture, Vellayani were used lor

the entire study.



.11 AMF Inoculum Production and Application

Guinea grass (Panicum maximum Jacq.) colonized with selected native
cultures o AM fungus was grown in sterilized vermiculite- perlite (16:3:1 wiw)
soil Tor four months. The vermiculite- perlite mixture containing mycorrhizal
spores, colonized root segments and hyphae served as mycorrhizal inoculum. The
chlamydospores of AMF present in the vermiculite-based medium were isolated
following wet sieving and decanting method of spore isolation (Gerdemann and
Nicolson, 1963). The medium was made into a suspension with sufficient quantity
of water. The suspension was then passed through a series of sicves ranging [rom
1000, 300, 250 and 105 pm kept one below the other in the same order. The spore
suspension in the bottom two sieves was collected in a beaker. The count in the
suspension was estimated by transferring one ml of the suspension in a nylon
mesh (45um) and scanned under stereomicroscope. The spore suspension was
then mixed with vermiculite so as to obtain 50 spores per gram vermiculite as
viable count. This served as AMF inoculum along with colonized roots of guinca

grass, which were collected separately and made into small bits of 0.5 cm size.

3.1.2 Azospirillum Inoculum Preparation and Application

Nttrogen free bromothymol blue medium (NFB) (Baldani and Dobereiner,
1980) (Appendix ) was inoculated with a loop full of 48 hour old Azospirilium
isolale AZR 37 and incubated at 28 + 1 °C for seven days. The {ull-grown culture
swwus mixed with sterilized lignite powder to a moisture content of 35 per cent
under aseptic conditions. The formulation had 10'® viable cell count per gram and

this was used as Azospirillum inoculum.

1.1.3 Pseudomonas Inoculum Production and Inoculation

King's B broth (King er al., 1954) (Appendix 1) was prepared and sterilized
and inoculated with a loop full of 24-hour-old Pseudomonas fluorescence isolate
-1 and incubated at a temperature of 28 + 1 °C for seven days. After seven days,

the culture was mixed with sterilized talc powder to a moisture content of 30 per cent



Plate 2 Black pepper plantlet planted out in vermiculite media in plastic pot



. Do . . . B :
under aseptic conditions, The preparation had a population of 10" cells per eram

as viable count and used as inoculum for the study.

3.1.4 Planting Out of the Black Pepper Plantlets and Inoculation with
Microbial Inoculants

The rooted tissue culture plantlets of black pepper developed in the Tissue
Culture Laboratory, Department of Biotechnology were taken out [rom the cuiture
vessel without injury using forceps and washed repeatedly in sterile distilled water
in a beaker to remove adhering pieces of tissue culture medium (Plate 1), Small
plastic containers of 7.5 x 6 cm size were filled with sterile sand for planting out
the plantlets. In treatments requiring AMF inoculation a portion of the planting
medium (sterile sand) was removed {rom the surface of the pot. Then mycorrhizal
inoculum containing one gram of vermiculite based mixture and two gram ol root
bits were placed as a kayer over the planting medium over which the plantlets were
placed and filled with sterile sand to cover the root region of plantlets. Similarly
wherever treatments required Azospiriffum inoculation a thick suspension ol
lignite based Azospiriflum inoculum (Azospirillum culture and water in 1:2 ratio
(wiv)) was prepared and the roots of plantlets were dipped in the culture slurry for
'S min belore planting out. The method followed for Azospirilium inoculation
was adopted for the inoculation with Pseudomonas also. In treatments requiring
hoth Azospirillum and Pseudomonas inoculation, Azospivillum treatment was
given lirst following treatment with Pseudononas. Alter planting the remaining
slurry ot the respective cultures was used to drench the root region of the plantlets
(Plate 2.

There were eight treatment combinations as given below in the experiment
conducted in Completely Randomized Design (CRD) with 12 replications for each
Trealment,

Treatment combinations
. AMF alone (MAGP)

2. Azaspiritlum alone (MgADPg)



3. Pyendomonas alone (MpAgP)

4. Control (MyAgPo)

h

Azaspirillum+Pseudomonas (MgAP)

6. AMF +Psendomonas (MAGP)

7. AMF+Azospirillum (MAPy)

8. AMF+Azospirillum+Pseudomonas (MAP)

The inoculated plantlets were kept in a mist chamber for 30 days and then

shifted to a shade house.
Obscrvations on survival rate, growth characters such as shoot length,
number of leaves, number of branches and leat area were recorded for a period of

three months during the hardening period.

3. 4.4.1 Survival Rate nf Plantlets
I'he survival rate of black pepper plantlets during hardening period was

recorded as percent survival at 10 days interval using the following formula

Total number of plants survived
Survival percentage = x 100
Total number of plants in each treatment

3.1.4.2 Height of Pluntiets (mm)

‘The height from the ground level to the growing tip of each plantlet was
measured and recorded at 30 days Interval.
3.1.4.3 Number of Leaves

The total number of fully opened leaves developed per plantlet was
counted and the mean value was recorded.
3144 Number of Branches

The total number of branches developed per plantlet was counted and the

mean value was recorded.



3.1.4.5 Leaf Area (cnt’)

leaf area was calculated by plotting the leaves on a graph paper and

counting the number of unit squares.

3.1.5 Estimation of percentage Mycorrhizal Colonization

The percentage mycorrhizal colonization in the root samples of black
pepper 30 days after planting out was estimated following the procedure of Philips
and Hayman (1970). The root samples were cleaned frec of soil particles. cut into
one em bits and fixed in FAA (Formaldehyde: Acctic acid: Alcohol in 5:5:90
proportion) lor one day. The roots were then autoclaved for hydrolyzing with 10
per cent potassium hydroxide solution at 1.02 kg cm™for 15 minutes. The
alkalinity of the samples was then neutralized with one per cent hydrochloric acid.
Staming was done by steaming the root bits in 0.05 per cent trypan blue solution
in lacto phenol reagent (lactic acid- 20 ml, phenol- 20 ml, glycerol- 40 mi and
distilied water- 40 ml) and destaining was done by adding lacto phenol. The
stained root bits were arranged on a clean slide covered with cover slips and
scanned under compound microscope for the presence of mycelium, vesicies and
urhuscmus of AM fungi. The AMF colonization percentagé was calceulated from
the fornmula given below,

Number of root bits positive for AMI" colonization
AML colonization percentage = CoxIng
Total number of oot bits observed

3.2 EFFECT OF MICROBIAL INOCULANTS ON PHYSIOLOGICAIL AND
BIOCHEMICAL CHARACTERS OF MICRO PROPAGATED BIACK
PEPPER PLANTLETS

‘The plantlets were subjected to studies on physiological characters such as
relative water content (RWC), stomatal conductance and leal temperature.

Biochemical characters such as total phenel content. orthodihydroxy phenol

content. protein content and total carbohydrate content were also recorded.



3.2.1 Stematal Conductance

Stomatal resistance was measured directly by using a porometer (Delta T
devices-Cambridge-UK) at 15 days interval and the reading was expressed in s
em™. The stomata)l conductance was calculated from the formula

1
Stomatal conductance= and expressed in cm s
Stomatal resistance

3.2.2 Leaf Temperature
Ical’ temperature was measured directly using a porometer (Delta T

devices-Cambridge-UK) at 15 days interval and the reading was expressed in (.

3.2.3 Relative Water Content (RWC})

Fresh weight of leaf samples were taken and put in water in watch glass
for 3 hours. After that leal samples were dried using a blotting paper and turgid
weight was measured. These samples were then dried in hot air oven set at a
temperature of 90-100 °C for two days and dry weight was taken. The RWC was
calculated based on the formula,

Fresh weight - Dry weight

x 100
Turgid weight - Dry weight

3.2.4 Estimation of Total Phenol (Bray and Thorpe, 1954)

One pram of leaf sample was ground in 10 m! of 80 per cent ethanol, The
homogenate was centrifuged at 10,000 rpm for 20 min, supernatant was saved and
residue was extracted with five times the volume of 80 per cent ethanol and
centrifuged. The supernatant was saved and evaporated to dryness. The residue
was dissolved in Sml-distilled water. Folin-Ciocalteau reagent (0.5 ml) was added
and 2 ml of 20 percent sodium carbonate solution was added to each tube after
three minutes. This was mixed thoroughly and the tubes were placed in a boiling
water bath for exactly one minute. This was cooled and was measured at 650 nm

in a spectrophotometer (Systronics UV-VIS Spectroplmtoinctur 118) agamst



reagent blank. Standard curve was prepared using different concentrations ol
catechol and expressed in catechol equivalents as pg g leal tissue on fresh weight

Ivigss.

3.2.5 I'stimation of Ortho Dihydroxy Phenol (Johnson and Schaal, 1957)
Thiee grams  of leaf sample was boiled for five minutes in 12 ml of 80 per
cent cthanol. After cooling, the tissue was ground using a pestle and mortar and
the homogenate was centrifuged (Hettich, EBA 12/2 R} at 10,000 rpm for 20
minules. The supernatant was saved and the residue was rc extracted with 80 per
cent ctlunol and centrifuged again. The supernatant was collected, pooled and the
final volume was adjusted to 15 ml with 80 per cent ethanol. One ml of 0.5 N
HCL one ml of Arnon's reagent and two ml of IN NaOH were added to one ml of
the extract and the volume was made up to 25 ml with 80 per cent ethanol. The
absorbance was measured at 540 nm in a UV-VIS spectrophotometer (Systronics
UV-VIS Spectrophotometer 118). A standard curve was prepared using dilferent
concentiations of catechol (30, 40. 50, 60,70 and 80 pg) and ortho dihvdroxy
phenol content was expressed as catechol equivalents per gram fresh weight ol

feal,

3.2.6 Estimation of Total Soluble Protein (Bradford, 1976)

One gram of leat sample was homogenized in 10 ml, 0.1 M sodium acctate
buller ipll 4.7) and centrifuged at 5000 rpm for 15 minutes at 47°C. The
supernatant was saved for estimation of soluble protein. The reaction mixture
consish d of 0.5 ml enzyme extract, 0.5 ml distilled water and 5 ml ol diluted (5
limesi dse solution (Coomassie brilliant blue G250). The absorbance was read at
393 e inoa spectrophotometer (Systronics UV-VIS Spectrophotometer 118)
against engent blank, Bovine serum albumin was used as the protein standard.
I'lie prawin content was expressed as pg albumin equivalent of soluble protein per

prann on [resh weight basis,



3.2.7 I'stimation of Total Carbohydrate (Hedge and Hofrciter, 1962)

total carbohydrate content was estimated by Anthrone method. Samples off
00 mp cach were weighed out and hydrolyzed with [ive ml of 2.5 N hydrochloric
ackd (11 at 100 “C' in a water bath. The hydrolyzate was neutralized with solid
sodinn corbonate nnnl the effervescence ceased. The volume was made up to 100
ml and centrifuged at 5000 rpm for 15 minutes. I'rom the supernatant 0.5 ml
aliquol was taken and made up to | ml by adding distilled water. To this four ml
ol anihrone reagent was added and heated for eight minutes at 100 °C in a water
bath. This was cooled rapidly and absorbance was measured at 630 nm in a
spectrophotometer  (Systronics UV-VIS  Spectrophotometer 118). Anmount of
carbohydrate was calculated from standard graph prepared using glucose and
expressed tn terms of mg of glucose equivalent per gram of leaf tissuc on fresh

weipht basis,

13 TOLERANCE TO FOOT ROT PATHOGEN

Another experiment was set up as described in the experiment 3.1 to study
the ellect off AMEL dzospirilum and Pseudomonas on suppression of fool rot
discase neited by Phytophthora capsici on 60 days after planting out. The
plantets were planted out in polythene bags of size 37x25 cm hlled with potling
mixture contaiming sand, soil and FYM in the ratio 1:2:0.5. The inoculum
preparation and inoculation of microbial inoculants o plantlets were done as
deseribed in experiment 3.1, Artificial inoculation with 2. capsici was done to
incite the disease. The per cent disease incidence and mortality were recorded on
10, 20, 30, 40, 50 and 60 th day of inoculation with pathogen in order to assess the
disease (olerance if any, due to bio inoculant colonization .The cight treatment
combinations in experiment 3.1 was included in the study conducted in CR1> with
12 replications.
3.3.1 Isolation of Pathogen

I he pathogen inciting {oot rot disease in black pepper was isolated lfrom

inteeted black pepper plants collected from College of Agriculture. Vellavani.



Sinall preces of infected leaf and vine were initially surface sterilized with 0.1
pereent mereuric chlonde solution and repeatedly washed with sterile water.
I'hese were aseptically transferred to sterile carrot agar medium in petridishes and
then incubated at room temperature for three days. Visible growth of myeelium
rom intected leaf and vine bits were aseptically transferred to sterile slants of

carrot apar medium and maintained in a refrigerator for further studies.

3.3.2 Muass Multiplication and Inoculation of Pathogen

1 he pathogen was mass multiplied in sand oatmeal (19:1) medium.

1.3.2.1 Sund Oatmeal Medium

1 he medium was prepared by mixing washed fine white sand with oatmeal
m the rato 19:1 (w/w). Sufficient quantity of water was sprinkled and mixed
thorouphly 1o keep the medium moist. The 250 g mixture was sterilized in one
litre canieal flask at 121 °C for two hours. Actively growing culture bits of the
pathopen were aseplically transferred into the flask and incubated at 25- 30 °C lor
I3 days The culture so multiplied was used for inoculation in the cxperiment

under tnvestigation,

2.3.2.2 lnoculdation of the Pathogen

Inoculation of the pathogen was done by placing sand oatmeal based
inoculum in the root region of black pepper plantlets at the rate of 10 g per
poly thene hag. Each pluntlet was inoculated and the roots were again covered with
soil, The plants were irrigated regularly so as to maintain a very high humidity for
providing conducive cnvironment for the development of the discase and percent

discase incidence and mortality was recorded.

3.3.3 Assessment of Foot Rot Infection and Mortality
"lantlets were monitored regularly for foot rot disease incidence and

mortality alter inoculation with pathogen. The total number ol pepper plants



mleeted and dead were recorded separately on 10,20,30.40.50 and 60 th day ol
inoctlation: with pathogen and percentage was computed using the following
formulia,

Total no: of plants infected {dead)
feetion (Motality) % = x100
Total no: of plants in each treatment)

Vb STANDARDIZATION  OF  AGROBACTERIUM — RHIZOGENES-

TRANSFORMED ROOT CULTURE FOR AMF PRODUCTION

Host plants such as Cucumber (Cucumis sativus), Stylosanthes
(Ntvlosanthes sps.), Pigeon pea (Cajanus cajan} tomato (Lycopersicon
cxculeninmy and Black pepper (Piper nigrum) were sereencd lor studyving the
sensitivly ta derobacterium rhizogenes infection and root formation. Sceds of
cucumber, pigeon pea, tomato, stylosanthes and stem bits containing nodes of black
pepper were used for inoculation, The seeds and stem bits of selected host plants
were swlace sterilized in 0.1% mercuric chloride and placed in MS medium
(Murashipe and Skoog, 1962) (Appendix I) for germination at 25 °C' for seven davs.
A rhizogenes strain obtained from CTCRI, Sreekaryam, was used {or induction of
hairy roots, The bacterial culture was preserved in YEA (Yeast Extract Agar)
(Appemndix 1) slants and maintained at 4 °C for the studies. 4. rhizogences strain was
gcrown in YEA medium (Ratnasamy, 1997) in culture plates and incubated at 24°C
lor 24 10 48 hours and was used for inducing infection, A. rhizogenes mediated
(ranslormation was done by the method described by Ooms e/ «f. (1985). Small culs
were made on the stem portion of aseptically grown seedlings/stem bits in MS
medivm using a sterile scalpel, which was touched v;'ith A rhizogenes. The hairy
root inttintion in the area up to one centimeter above the point of inceulation in the
stem wus considered as indication of transformation of the scedlings/stem bits.
Fhe host plant was sclected based on the number and length of roots formed after
24, 48 and 72 hours afier inoculation. The transformed secdlings/siem bits were
frequentls sub cultured in fresh MS media containing antibiotics ecfotaxime (250

milligram per litre) and ampicillin (250 milligram per lite) to make the hatry



roots Iree from A. rhizogenes. The bacteria free hairy roots were used for lurther
studics. 'he hairy roots thus formed through transformation were sub cultured and
maintained in fresh rooting medium (Half strength MS with rooting hormone.
[BA)Y {Murashige and Skoog, 1962). Such roots were inoculated with AMIT and
AMLI colonization and proliferation was monitored. For inoculating AMI in
translornted roots, the bacteria free plants in petridishes were planted out under
aseplic conditions using several media such as sterilized vermiculite. soil rite.
sind. svermiculite-perlite mix and  vermiculite-sand  mix. The plants  thus
established were inoculated with surface sterilized spores of (7 mionosporun:. The
hatiry tools were alse separated from transformed plants and cultured in rooting

medium id inoculated with surface sterilized spores of G monosporun:



RESULTS



4. RESULTS

I speriments were conducted to study the effect of inoculation with
different beneficial microorganisms such as arbuscular mycorrhizal fungi
CANIEY Psendonionas fluorescens and Azospiritinm on survival, growth,
establvhment and foot rot incidence and intensity of tssue culture
planticts o black pepper in the hardening phase.  Study was also
conductied (o identify appropriate host plant for transformation with
Agrobacterivm  rhizogenes for developing root culture to multiply
arbuscular mycorrhizal fungi. The results of various studies are presented

here,

S0 FEHECT OF MICROBIAL INOCULANTS ON SURVIVAL AND
GROWTH OF MICROPROPAGATED BLACK PEPPUER PLANTS

hroculation  with  AME.  Azespirillum and P fluorescens has
imtloenced the survival rate and plant growth characteristics such as plant
height, number of leaves, number of branches and fedf arca of tissue

culture plantlets of black pepper.

1.1.1 I:ffect of Microbial Inoculants on Survival of Tissuc Culture

I"lantlets of Black Pepper

Fhe survival rate of the plantlets was found to improve due o
inovalation with microbial inoculants (Table 1){(Fig.1). There was not
muoch mertality of plantlets till 20 days alter transplanting (DAT).
Considerable mortality was noticed from 30" day of trunsplanting in
control £33.3 per cent mortality) and Azospirillum alone (25.0 per cent
mortality) (Plate 3). The treatments MpAgP. MyAP and MADP, recorded
OO per cent survival, whereas mycorrhiza alone, MAGP and MAP
showed 91.6 per cent cach. On 40™ day also MeAgP. MgAPR and MAP,
recorded 100.0 per cent survival,  The control and Azospirilfim alone

recorded 66.6 per cent each. Mycorrhiza alone and that with Pseudomonas



Pable T Ldfect of microbial inoculants on survival of tissue culture
plantlets of black pepper

Number of plants survived ’
Freatmunty e

20 DAT | 30 DAT | 40 DAT | 50 DAT | 60 DAT | 90 DAT |
MM o6y | 11 91.6) | 10(83.3) | 10.(83.3) | 10 (83.3) | 10 (83.5)
MaARs L orey | 9¢Ts) | 8 (66.6) 8(66.6) | 8(66.6) | 8(66.6)
ML 00y | 12 (100) | 12 100y | 12 100y | 12 (100 | 12 (100
MAL 10 (100) | 8(66.6) | 8(66.6) | 8(66.6) | §(66.6) i 8 (66,01
MA T ooy | 12 100y | 12 (100) | 12 (100) | 12 (100) | 12 00y |

MALD 120100) | 11(91.6) ; 11 (91.6) | 11 (91.6) | 10(83.3) 10(83.3)‘

MAL, P20000) | 12(100) | 12.(100) | 12 (100) | 12 (160) {12 (100) ;

MAR 11 (91.6) | T1{91.6) | 11(91.6) | 11 ¢91.6) | 11¢91.6) | 11 (91 6)
el | . 2

[-igures in parentheses are values in percentage

Fable 2. 1:[fect of microbial inoculants on height (mm) of tissue culture
plantlets of black pepper

| 'I'rc;:tanﬂs 30 DAT 60 DAT 90 DAT H:
—_— e - R
- Ml 30.00 34.28 1666
M 26.66 28.80 39.66
i e - S
MALP 41,00 48.85 a6
NP | 32.66 37..?“.3."“ B 50.60 _
CD (0.05) NS | 1548 T
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= MOAPO
= MOAOP
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= MOAP
m MAOP
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m MAP

20 DAT 30 DAT 40 DAT 50 DAT

Days after transplanting

Fig. 1 Effect of microbial inoculants on survival of tissue culture plantlets of black pepper



A - Inoculated with Azospiriilum C - Control

Plate 3 Black pepper plantlets inoculated with Azospiriilum at the time of planting out

P - Inoculated with Pseudomonas C - Control M - Inoculated with AMF C - Control

Plate 4 Black pepper plantlets inoculated with Plate 5 Black pepper plantlets inoculated with
Pseudomonas at the time of planting out mycorrhiza at the time of planting out



M - Inoculated with AMF C - Control

Plate 6 Growth of tissue culture plantlets of black pepper
inoculated with mycorrhiza at the time of planting out

P - Inoculated with Pseudomonas C - Control

Plate 7 Growth of tissue culture plantlets of black pepper
inoculated with Pseudomonas at the time of planting out

A - Inoculated with Azospiriilum C - Control

Plate 8 Growth of tissue culture plantlets of black pepper
inoculated with Azospiriilum at the time of planting out



recotded 833 and 91.6 per cent survival., There was no further mortality,

mespective of the treatment, till 90"

day of observation. The treatment
involving fsewdomonas and mycorrhiza either alone or in cambhination
consistently showed remarkably higher survival rate compared o control
and Jzospirillum alone inoculation (Plate 4) (Plate 5).

4.1.2 Lffeet of Microbial Ineculants on Height (mm) of Tissue Culture
Plantlets of Black Pepper

the observations recorded on plant height at 30", 60™ and 90" day
of planting out after giving inoculation with various microbial inoculants
were presented m Table 2.0 Amongst the individuoal treatments, mycorrhiza
(MAW') recorded the maximum plant height of 35.00, 39.14 and 60.00
mm (Plate 6) while Pyeudomonas (MgAgP) recorded plant height ol 30.00.
3428 and 46.66 mm (Plate 7) and Azospirillum showed plant height of
2833 4447 and 55.00 mm (Plate 8) on 30™, 60" and 90™ day of planting
out respectively. These treatments were found Lo be significantly superior
aver control, which recorded 26.66, 28.80 and 39.66 mm on 30", 60™ and
9™ iy respectively (Table 2). The combined inoculation of microbiad
movolants showed further increuse m plant height at various stages of
obsvrvation. Treatment, MpAP recorded plant height of 48.33 mm on 90"
das. which  was  superior over  Pseudomonas  though, less  than
Azospweittum. The combination treatment of AMF and Pseudomonas
consistently  showed higher plant height compared to their individual
inoculations and control treatment. The treatment MAyP recorded plant
heipht of 41.00, 48.85 and 64.66 mm, as against 35.00, 39.14 and 60.00
mm nofrced in the case of mycorrhiza alone and 30.00, 34.28 and 46.66
mm in scudomonas alone on 30", 60" and 90"™ day of planting out
respecinnely, The dual inoculation of Azospirifinm and AMI did not show
much etlect over their individual inoculations. The combination treatment
MAP was lound (o be most ¢llective which recorded maximum plant

height of 69.00 mm on 90" day of planting out (‘Tabie 2). This treatment



Tuble 3.

60 DAT

Liflect of inoculation of microbial inoculants on leal formation
in tissue culture plantlets of black pepper

Treatments 30 DAT QOISA{fm

o MAR 466 7.33 7.66
CMaAPe ey 6.66 733

AT g 7.00 800
M 366 6.00  6.00
Mol 5.33 7.33 7.66
A 5.66 8.00 8.66
MAR, 6.00 7.33 8.33
MAD 5.6 8.66 933
NS NS

Chr o sy

bable 4 iieet of AME, Azospirillum, Pseudomornas on number of

NS

branches of tissuc culture plantiets of black pepper

30 DAT

60 DAT

[reainments 90 [)/\i-‘m

- MAR, 1.66 2.00 200
AP, 1.33 1.66 166
MaAul 200 2.33 a3
M. Aol 133 1.66 166
AT 2.00 2.33 2.33
Mal | 166 2.00 233
MAPe | 2.00 2.33 306
MAP 2,00 2.66 300
NS NS NS

P CDnas)




Leaf area (an i)

12

10

60 DAT
90 DAT

MAOPO MOAPO MOAOP MOAOPO MOAP MAOP MAPO MAP

Treatments

Fig. 2 Leafarea (cm ) of tissue culture plantlets of black pepper as influenced by
inoculation with microbial inoculants



was  sipnilicant over control (39.66 mm). individual inoculation of
Azovperilfum (55.00 mm), Pseudomonas (46.66 mm) and dual inoculation
ol Azospivitium and Pseudomonas (48.33 mm), though statistically on par

with MAGP (64,66 mm) and MAGPy (60.00 mm),

4.1.3 Fltect of Inoculation of Microbial Inoculants on Leaf Formation

in Tissue Culture Plantlets of Black Pepper

ihiere was no significant differcnce in number of leaves between
the beatments on 30%, 60™ and 90™ day of observation (lable 3,
Flowever an increasing trend in number of leaves duc to various treatments
wis notreed. The maximum number of leaves was shown by (reatiment
MAPR on 60™ (8.66) and 90" (9.33) day of planting out. whercas the

control recorded the lowest number of leaves (6.00).

4.1.4 Fiteet of AMF, Azospirillum, Pseudomonas on Number of

Branches of Tissue Culture Plantlets of Black PPepper

Ihere was no significant difference between the treatments in
numbetr of branches at all stages of observation. The maximum number of
3 branches was recorded in MAP on 90" day of planting out as against

.66 ol control (Table 4).

4.1.5 Leaf Area {¢em?) of Tissue Culture Plantlets of Black Pepper as
p

Influenced by Inoculation with Microbial Inoculants

A general increase in leal area of the plantlets noticed due to
moculalion with microbial inoculants (Table 5} (Fig.2). All the treatments
involving AMF showed higher leaf area comparced to other treatiments,
Amongst treatments MAGPg, MoAPy and MpAgP, maximum leal arca of
S.43. 7.33 and 9.73 cm? on 30, 60 and 90 DAT was shown by MAsP;.
while NG AP, recorded leaf arca of 3.00, 5.66 and 7.36 em” and MyALD
showed leal area of 3.53, 5.76 and 7.16 ¢cm? respectively. These treatments

-

were Tound to be superior over contrel, which recorded leaf arca ol 3.23.

106 and 6.96 ¢y’ respectively (Table 5). Among the dual inoculation



treatments, MpAP did not show much effect over their individual
moculations, MgAPy and MeAeP. The combined application of AMI* and
Pysendomaonas recorded a higher leaf area of 10.46 cm? (Plate 9) on 90
DA which was significant over control (6.96 cm®) and MyA,P (7.16 cm’).
However, it was on par with MAgPy (9.73 cm?). The dual application of
Azospirithim and AMF recorded maximum leaf area of 11.00 em® (Plate 10) on
90" day of planting out which was significant over control (6.96 ¢m”) and
MoADP, (7.36 cm?) (Table 5). The combination treatment MAP showed a
leal wea of 10.76 em? (Plate 11) on 90" day. which was on par with

MAG (973 em?). MAGP (10.46 ¢m?) and MAP, (11.00 cm?).

4.1.6 Mycorrhizal Colonization (30 DAT) in Tissue Culture Plantlets

of Black Pepper Inoculated with Microbial Inoculants (%)

Mycorrhizal colonization in the plantlets observed on 30 DAT
imdicated a higher colonization percentage ranging from 50.00 to 66,70 in
teatments, which received mycorrhizal inoculation (Table 6) (Plate 12).
There  was no  colonization in  uninoculated treatments.  Highest
colomization of 66.70 per cent was recorded in MAyDPy, followed by MAGP

with 34,00 per cent, MAPg with 53.30 per cent and MAP with 50.00 per

cent.

E2EPFECT OF MICROBIAL INOCULANTS ON PHYSIOLOGICAL AND
BloOcHEMICAL S CHARACTERISTICS OF  MICROPROPAGATED
BEACK PEPPER PLANTLETS

4.2.1 Mufluence of Microbial Inoculants on Stomatal Conductance (ecms™')

uf Tissuc Culture Plantlets of Black Pepper

A considerable reduction in stomatal conductance in all the
plantlets due to inoculation with microbial inoculants was noticed on 13,
30 and 45 DAT (Table 7) (Fig.3). On 15 DAT, a general reduction in
stomatal conductance was noticed in all the treatments when compared (o

control with 0.53 e¢m s™'. Although, there was no significant difference



Table 5. Leaf area (ecm?) of tissue culture plantlets of black pepper as

inlTuenced by inoculation with microbial inoculants

Freatments | 30 DAT 60 DAT 90 DAT

- MAD, 5.43 7.33 9.73

Ml 3.60 5.66 7.36
MaA,P 353 5.76 06

- My 3.23 4.66 .96

MaAP 3.53 5.16 7.66

MALP 5.70 7.80 10.46

MAP, 4.90 8.66 11.00
MAD 7.66 8.33 1076 |

D (0.05) 1.19 1.08 | 131

Table 6. Mycorrhizal colonization (30 DAT) in tissue culture plantlets of
black pepper inoculated with AMF, Azospirillum and
Pseudomonas (%)

. Treatments Colonization percentage
”MA.,P(, 66.70
| .P.&1uAP{} 0.00
- -M“A(,P 0.00
| MaAoPy ) 0.00
| M”AP 0.00
| I”MA“P 54.00
MAP, 53.30
MAP 50.00




A+P - Inoculated with Azospirillum and M+P - Inoculated with AMF and
Pseudomonas, C - Control Pseudomonas, C - Control

Plate 9 Growth of tissue culture plantlets of Plate 10 Growth of tissue culture plantlets of
black pepper inoculated with black pepper inoculated with AMF and
Azospirillum and Pseudomonas Pseudomonas at the time of planting out
at the time of planting out

A+M - Inoculated with Azospirillum and A+M+P - inoculated with Azospirillum,
AMF, C - Control AMF and Pseudomonas, C - Control

Plate 11 Growth of tissue culture plantlets of Plate 12 Growth of tissue culture plantlets of
black pepper inoculated with black pepper inoculated with
Azospirillum and mycorrhiza Azospirillum, mycorrhiza and
at the time of planting out Pseudomonas at the time of planting out



Plate 13 Mycorrhizal colonization in tissue culture plantlets of
black pepper at 30 days after transplanting



Table 7. Influence of microbial inoculants on stomatal conductance (em sy or

tissue culture plantlets of black pepper

| ..'I_‘-l.'c.uirm,"nts _I]S DAT 30 DAT 45 DAT

MA 04l 0.18 0.17
MoA Py 0.42 0.12 015 |

- MadoP 0.41 0.14 0.16
MR 0.53 0.23 013 |

- MuAP 0.46 0.19 0.17

CMA 0.33 0.15 0.16

MAP, 0.43 0.18 0.17
SMAr g 0.12 0.18 |
¢ (0.05) NS | 006 NS |

Table 8. EfTect of microbial inoculants on leaf temperature (°C) of tissuc
culture plantlets of black pepper

Credtments. 15 DAT 30 DAT 45 DAT
T MAYP, 3320 32.30 33.40 z
T — e
CMaAP 33.50 33.60 32.70
MoAGl 33.47 35.36 35.63
O MaAP 33.17 34.13 33.50
MAWP 33.47 33.00 32.26
MAP, 33.03 32.73 243 |
MAD 33.37 12 83 32.30
D (0.05) NS 0.4 } o4 |




Stomatal conductance (@ s'J)
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Fig. 3 Influence of microbial inoculants on stomatal conductance (cm s 1) of tissue culture
plantlets of black pepper



between the treatments, the lowest stomatal conductance was recorded by
(he Geatment MAGP (0.33 em s7') (Table 7). By 30" day of transplanting.
stomatal conductance was found to decrease in all the treatments. The
lonvest stomatal conductance was recorded in treatment MoAP, (0.12 em 57
which was on par with MAGP, (0.18 cm s") and MyAeP (0.14 cm 57" and
atso combination of treatments such as MAGP (0.15 em sy and MAP (.12
em s’y The control treatment recorded a higher stomatal conductance of
023 em s on 30 DAT also. It was observed that the individual
mocalation treatments recorded lower values of stomatal conductance than
combinition treatments (Table 7). The bbservations taken on 45 DAT
showed no significant difference among the various treatments. Stomatal
conductance was found to increase in tissue culture plantlets due (o
moculatton with different microorganisms (Table 7). All the treatiments
invelving mycorrhiza consistently showed higher values for stomatal
conductance. Maximum stomatal conductance of 0.18 em s™' was recorded
in MAD followed by MAgPyand MAP, with 0,17 em s cach. The control

A
recorded 013 cm s

4.2.2 I-ffect of Microbial Inoculants on Leaf Temperature (°C) of

Tissue Culture Plantlets of Black Pepper

The leaf temperature of the plantlets was recorded at 15 davs
interval lor 45 davs and the data presented in Table 8 No significant
difference in leat wmperature was noticed at 15 DAT among the various
trealments. The observations made on 30 DAT showed a signilicantiy
lower leat temperature in plantlets inoculated with microbial inoculants
when compared to uninoculated control, There was a delinite decrease in
leaf remperature in freatments invelving myceorrhizal inoculation. MAP,
showed lowest leal temperature of 32.30°C, while treatments MgAPy and
MuAal recorded feal temperature of 33.43°C and 33.60°C respectively.
which were significantly less than that of control plantlets. which recorded

a leal temperature of 35.36°C (Table 8). Among dual inoculation



treatments, lowest temperature was shown by MAP, (32.73°C) which was
less (than MoAPg (33.40°C). The AMF alone treatment (MA(Pg) recorded
32.30"C. The treatment MAGP recorded a leal temperature of 33.00°C,
which was  lower than Psceuwdomonas alone (33.60°C). The lear
lempuerature recorded Tor MpAP was 34.13°C, which was significantly less
than that of control {35.36°C). The treatment involving all the organisms
showed the lowest leaf temperature of 32.83°C. All these treatments wore
found sipnificantly superior over control treatment (Table 8). On 45 DAT
also the plantlets inoculated with different microbial inoculants showed
sipnilicantly Tower leat temperature than uninoculated control (Table 7).
Amonp andividual inoculation treatments, Pyscudomonas showed Towest
feat |\-m|wrut'ure of 32.70°C, while Azospirillum and AMF recorded
33,93 and 33.40°C respectively, Amongst all the treatments, the lowest
remperature was recorded by MAGP (32.26°C), which was on par with
MATY ¢31230°C), The treatment MAP, also recorded a lower leaf

feniperatire of 32.43°C,

4.2.3  Effect of Microbial Inoculants on Relative Water Content

{RWCY (%) of Tissue Culture Plantlets of Black Pepper

RWC observed on 60, 120 and 180 DA'T showed an increasing
frend die o tnoculation with various microbial inoculants when compared
to uninoculated control. The data is presented in Table 9 (Fig.d).
Althouph no significant difference in RWC was noticed among various
treatments at 60 DAT, the highest value of 79.36 per cent was shown by
MALDY s against 65.30 per cent noticed in control treatment.  The
treabmients involving individual inoculations of the three microbial
imocuelants viz., AMU. Azospirilium and Pseudomonas was found to show
an inervasing trend in RWC. At 120 DAT, plantiets which received
individual inoculations with Azospirillum, AMIT and Pycudomonas showed
significantly higher RWC over control (Table 9). Of the three treatments,

RWC wus maximum for MpAPy (83.40 %), which was on par with MAuP,



lable @ Liffect of microbial inoculants on relative water content (RWQ)
(%) of tissue culture plantiets of black pepper

| .'l_"}'.c;:ln.wnts 60 DAT 12¢ DAT léguD_Al__ﬂ}
A 73.93 80.90 833 |
Ml 75.13 83.40 9470 )
MuAP 70.13 80.63 92.56 _{
MuA Py 65.30 70.40 73.80 1‘

o MaAD 76.26 79.66 85.46“—“_-_!
MALP 73.03 77.26 82.20 7
MAP, 74.06 80.50 84.40 -§
MAP 79.36 88.60 90085 |
S | ]
CD (0.05) NS 8.56 1 7.31 {

Table 111 Total phenol content (ug g™ leaf tissue) of tissue culture

plantlets of black pepper as influenced by microbial inoculants

'.l:ré-:ulnc.l;‘lﬁ | 60 DAT 120 DAT
O MA  74.80 105.83
T MaAR 58.50 99.36
C MuAGP 46.67 89.83
MoAoPs 47.83 76.20
 MoAP 55.83 85.00
OMALD 61.30 97.13 —
MAD, 65.83 100.33
 MaP 67.33 101.80
' tlﬁ.l?ﬁf-_iﬂ_____ 9.05 1(?.04 a




Relative water content (%)

60 DAT
120 DAT

MAOPO MOAPO MOAOP MOAOQOPO MOAP MAOP MAPO MAP

Treatments

Fig. 4 Effect of microbial inoculants on relative water content (RWC) (%) of tissue culture plantlets of black
pepper



(ROD0 "wy and MoAGP (80.63%), though all the three treatments were
stpnificantly higher than control (70.40 %). Amongst the dual inoculation
reatments, MypAP, M AP and MAPg, the maximum RWC was shown by
MAP, (80.50 %), which was on par with MgAP (79.66 %) and MA,P
(77.20 "4). These three treatments did not show significant clfect over
their endividual inoculation treatments MAEPs. MpAPy and MyAyP. The
ighest RWC was recorded by treatment MAP (88.60%) which was
signilicantly higher than MgAP, MAyP and control and was on par with
MoAT. MAGP,, MuAgP and MAP,. At 180 DAT also all the treatments
involving microbial inoculants recorded significantly higher RWC (Table 9).
MuAD, recorded maximum RWC of 94.70 per cent, which was on par with
MuAgl' (92,56%) and MAgP, (86.33%). The combination trcatments such
as MoAP (R5.46 %), MAyP (82.20) and MAP, (84.40) were statistically on
par and did not show significant cffect over their individual inoculation
(reatments. The combined inoculation with Azospiriffum, AME and
Pscitdomonas recorded RWC of 90.83 per cent, which was on par with the
maxinm value of 92.56 per cent recorded, with Pycudomonas alone. It
was observed that the dual inoculation with microbial inoculants generally
showed a relatively tess RWC compared to their individual inoculations at
all stapes of observation,  Howcever, the combination involving alt the
(hree orpanisms recorded consistently higher values at diflerent stages of

ahservalions,

4.2.4  Total Phenol Content (pg g leaf tissue) of Tissue Culture
Plantlets of Black Pepper as Influenced by Microbial

Inoculants

I'he total phenol content was recorded at 60 and [20 DAT and
found o general increase in total phenol content in treatments containing
microbal inoculation with maximum effect being in AMIE inoculation
fLable 10y (Fip.5). At 60 DAT, maximum phenol content of 74.80 ug g

was revorded in treatment with mycorrhiza alone (MAEPE) while MoADP,



and Mu AP showed 58.50 and 46.67 pg g'I respectively, as against 47.83 pp ¢!
obsetved in control plantlets, Amongst the dual inoculation treatments
viz.o NMyAP, MAGEY and MAP,, maximum phenol content was shown by
MAT (03.83 pg ¢') though lower than MA(P, (74.80 pg opy The
treatment MAGP (61,30 g g') was superior over MgAoP (46.67 ng ') but
less that MAPy. The freatment MgAP (55.83 pyg g") did not show much
cltect over their individual inoculations. All the inoculation treatments
exeept MyAgP and MyAP recorded a significant increase in total phenol
content o the tissues of plants over control (Table 10). Mycorrhiza alone
moculition recorded imaximum pheno! content of 105.83 pg ¢ amongst all the
treatments at 120 DAT.  Individual inoculation with Azospirilium and
Psewdononas recorded values of 99.36 pg @' and 89.83 e gt respectively,
Fhe mdividual inoculations with AMF and Azospirilium were superior
over control, which recorded 76.20 pg g7t Amongst the dual inoculation
treatmients, MAPy recorded higher phenol content of 10033 pg g
Followed by MAGE with 97,13 ng g'l and MuADP with 85.00 ue o' The
treatmient combination involving all the three organisms recorded 101.80
pe ¢t which was significantly higher than control but on par with other
imoculation treatments (Table 10). Amongst the organisms, AMU was
found o stimulate maximum fotal phenol production in plant tissues
tollowed by Azospirillum while the cffect of Pseudomonas was relatively

low.

4.2.5 Orthodihydroxy (OD) Phenol Content (ug g™ leaf tissue) of

Tissue Culture Plantlets of Black Pepper as Influenced by

Microhial Inoculants

Ohservations taken on 60 and 120 DAT showed that all the

inoculution treatments significantly increased the OD phenol content of

the plant tissue over control. A general increase in OD phenol content was
observed in plants inoculated with AMFE and Pseudomonas (Table 11)

(Fip. Sy AL 60 DAY, amongst individual treatments, maximum OD phenol

U



Treatments

Fig. 5 Total phenol (pg g') and orthodihydric (OD) phenol (pg g J) content of tissue culture plants of black
pepper as influenced by microbial inoculants



table 11, Orthodihydroxy (OD) phenol content (pg g leaf tissuc) of
tissue culture plantlets of black pepper as influcnced by

microbial inoculants

Treatments 60 DAT 120 DAT

MALD, 40.00 40.76

C MAAR 27.16 37.20

"""""" MyAP 41.76 43.50
M.Al 16.66 36.56

M AD 41.33 42.73

O OMAS 41.10 40.70

MAT, 41.26 42.56

MAP 44.16 46.66

Chwosy | 323 4.27

Table 1), Protein content U leaf tissue) of tissue culture planticts of
Hg g P

black pepper as influenced by microbial inoculants

Treatments | 60 DAT 20000
—— 1966 490.0
MAD 446.6 496.6
R 456.0 701.6
_*M”A'I’u 2916 351.6
MOAD 535.0 620.3
VAP 468.3 675.0
MAP, 495.0 656.3
AT 590.0 720.0
l_,_(_:_D (.(.}.05) 2.2 e




Protein content (g g'J)

120 DAT

1400
1200

1000

MAOPO MOAPO MOAOP MOAOPO MOAP MAOP MAPO MAP

Treatments

Fig. 6 Protein content (fig g'*) of tissue culture plants of black pepper as influenced inoculation with microbial
inoculants



vilue of 41,76 pg g'' was recorded in treatment with Pscudomonas alone
followed by AMFE with 40.00 pg g and Azospirillum having 27.16 pg ot
All these treatments were found to be significantly higher than control
treatment, which recorded OD phenol content of 160.66 g g, The dual
inoculation treatments such as MgAP, MAgP and MAP; did not show much
vitrlation amongst treatments and their values ranged from 41.10 to 41.33
e g7 The highest OD phenol content was recorded with combination of
AMU. tzaspiritlum and Pseudomonas with 44,16 pg ¢! and was on par
with dual tnoculation treatments and treatment with Pscudomonas alone.
It was found that the effect of dzospiriflim inoculation on O phenol
vontent, though significantly increased (27.16 g g™ over control (16.66
e e was relatively less when compared to AMF and Pyeudonmonas
flable 1 A similar trend was noticed on 120 DAT aiso. All the
inoculation treatments showed significant increase over control {(Table
(1), 0D phenol values recorded for MAyP,. MpAPy and MyAP were
40.76, 7.20 and 43.50 pg g respectively. The coatrol treatment showed
O phenol content of 36.56 pg g leaf tissue. There was not much difference
amongst the dual inoculation treatments viz., MpAP (42.73 ng gy, MAP
(HLT0 p gy and MAPg (42.56 pug g''). The combination involving all
(e three microbial inoculants was most effective and recorded the highest

OD phenel content of 46.66 pg g (Table 11).

4.2.6  Protcin Content (ug g leaf tissue) of Tissue Culture Plantlets

of Black 'epper as Influenced by Microbial Inoculants

Ihe protein content of plant tissue was estimated on 60 and 120
DAT. Ibe observations showed a significant increase in protein content
ol the plantlets due to inoculation with AMFE, Azospirifium. Pscudomonas
and  their combinations (Table 12) (Fig. 63 On 60 DAL, amongst
treatmuents MAGPL, MyAP, and MpA,P, maximum prolein content was

recorded by MpAgl (456.0 pg g"). followed by MAyP, (396.6 pg g™y and



MuAPy (h46.6 pg g').  The control plantlets recorded a lower protein
content ol 291.6 pug g'i. In the dual tnoculation trcatments, MgAP recorded
maximum protein content of 535.0 ug g, which was significantly higher
than individual inoculation with Azospirillum, Pseudomonas and AMI
while MAWP (4683 ug g'f) did not show considerable effect over
mycorthiza and Pseudomonas. Treatment MAP, (495.0 np g') showed
stgiuhieant increase in protein content over MyAP, and MA(P,. Although
AN recorded relatively low protein content compared to Pseuwdomonas
and  fzospiritlum, its combined inoculation with Azespirillum (495.0 ng ¢
and  Msendomonay (4683 pg gh constderably increased the protein
content. Amongst all the inoculation trcatments, MAP recorded the
highest value of §90.0 pg g, which was significant over all other
treatments except MgAP (Table 12). The protein content recorded on 120
DAT showed the same trend as that observed on 60" day. A signilicant
increase in protein content was recorded in all the inoculation treatments over
control.  Amongst the individual treatments, MyAgP recorded the highest
value ol 701.6 pg ¢ followed by MgAPy with 496.6 png g™ and MAGP, with
490.0 pg ¢’ as against 351.6 ug ¢! noticed in control (Table 12). In the
dual moculations MAGP showed the maximum value of 675.0 pg g
followed by MAP, with 656.3 pg g™ and MyAP with 620.3 g ¢ protein
content. As it was observed on 60th day, the combination treatment. MAP
recorded highest vatue of 720.0 pg g, which was significant over all
other treatments exceept Pseudomonas alone treatment. It was noticed that
by 120" day AMU showed much influence on protein content of the plants

.y
comparcd to 60 day.

4.2.7 Total Carbohydrate Content (mg g" leaf tissue) of Tissue Cultare

PLantlets of Black Pepper as Influenced by Microbial Inoculants

Lhie influence of microbial inoculants on total carbohydrate content

ol the plantlets was analyzed on 60 and 120 DAT. There was a general



Table 13, Effect of inoculation with different microbial inoculants on
total carbohydrate content (mg g™’ leaf tissuc) of tissuc culturc

plantlets of black pepper

Treatnients 60 DAT r 120 DAT J

| _—r;dﬂ/.\.“l’.n 46.60 50.66 |

__M;\i‘n 43.83 52.30 N
.a-—-ﬁht../\ul’ 39.10 49.33
B I\AHA{".-I’{, 38.30 44.30
M 48. 06 53.60
MA,P | 43.13 53.26
MM.AI‘U 61.43 60.66
—MAP 57.86 58.53
| (l) [1.l,(“l...5] 6.24 5.71




mercase in the carbohydrate content in inoculation treatment over control
(Fable 14, On 0™ day of observation, amongst the three organisms,
mycorrhiza recorded the highest carbohydrate content of 46.60 mg ¢
tollowed by Azospirillum with 43.83 mg g and Pseudomonas having
Vo 10 mp ¢! leal tissue, The control treatment recorded total carbohydrate
content of 38.30 mg g leal tissue. The increase due to AME ways
signiticant over control and MyAgP. In the dual inoculation treatments,
MAD, tecorded the highest value of 61.43 mg ¢, which was signilicantly
righar than all other treatments cxcept MAP. MAP and MAGP recorded
carhohydrate content of 48.06 and 43.13 mg g’ respectively.  The
combination of three organisms recorded total carbohydrate content of
$7.86 mp g leal tissue. It was found that AMF and Azospirillum
considerably increased the carbohydrate content and their combination
lurther augmented the effect. On 120 DAT, ameng the individual
macalations, MyAPy recorded the highest value of 52.30 mg g™’ tollowed
by MAGPy with 50.60 mg g"‘ which were significantly higher than that of
comtrol (1430 mg ¢™"). MoA¢P showed total carbohydrate content of 49.33
ng g leat tissue. All the dual inoculation treatments showed significant
merease tn carbohydrate content over control. Amongst treatments, MAD,
recorded highest value of 60.66 mg g ', which was significantly higher
than the values noticed for MgAP (53.60 mg g') and MAGP (33.26 my o'y
MAD recorded carbohydrate content of 58.53 mg g, which was on par

with NA I’u

43 PEFECT  OF MICROBIAL  INOCULANTS ON  FOOTU  ROT
INCIDENCE AND INTENSITY OF BLACK PEPPER PLANTLETS

I'he effect of microbial inoculants viz., AMF, Pseudomonas and
Azospivillum on incidence and intensity of foot rot disease 1n tissuc culture
plantlets of black pepper was studied and data is presented in Table 14 (g, 7).
The observations on percentage of plants infected and mortality rate were

recorded on 10, 20, 30, 40, 50 and 60 days after inoculation with



1

Table 14 Effzct of inoculation wit> mior Sial incczlants on foot rorincidence and intensity of tissue culture plantlets of
black pepper

Plants infected inumber: Mortality of plants (number)
Treatments

10 DA] | 20 DAl | 30 PAl 1) DAI ! 50 DAl | 60 DAI 10 DAI | 20 DAL | 30 DAI ‘ 40 DAT | 50 DAI | 60 DAL

MA,P, 3(5) 1 4333 | 4033 1 6600 | 60 | 6(50) -(0) 3(25) | 4(333) | 4(33.3) | 4(33.3) | 4(33.3) |
M,AP, 1(83) | 6(50) | 8(66.6) | 12(100) | 12(100) | 12(100) | 1(83) | 2(166) | 7(583) [ 975} | 9¢75) | 9(7%)
MoA,P S0y | 2Q166) | 325 | 3@25 | 3Q5 | 3% - 0) - {0) 1(83) | 1(83) | 1(83) | 1(8.3)
MoAoP, | 2¢16.6) | 8(66.6) | 12(100) | 12(100) | 12(100) | 12¢100) | -(0)} | 4¢333) | 9(75) | 12(100) | 12(100) | 12 (100}
MoAP 1(83) | 35 | 325 | 5(416) | 5(416) | 5(41.6) | -(O) 3(25) | 3(25) | 4(333) | 4(33.3) | 4(33.3)
MAoP 183) | 20166) | 2(16.6) | 2(166) | 3(25) 3(25) | 183y [ 1(83) | 2(166) | 2(16.6) | 2(16.6) | 2(16.6)
MAPU 3(25) ¢ 5(416) | (416 - 7(58.3) 783) | 7(583) | 20660 | 2(166) | 2(166) | 3025 6(50) 6('5_-0)—
MAP ! ‘_(0) 3Q5) | 325 5(4|.6)J 5(41.6) | 5616) -(0);_-{0) 1(83) | 1(83) éll(16,6) 2(!6.11]‘

Figures in parenthcses are values in percentage

o
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Fig. 7 Effect of inoculation with microbial inoculants on foot rot infection of tissue culture plantlets



Mortality rae (%)

= MAOPO
O MOAPO
= MOAOP
= MOAOPO
= MOAP

= MAOP

= MAPO

a MAP

20 DAI 40 DAI 60 DAI

Days after inoculation

Fig. 8 Effect of inoculation with microbial inoculants on mortality of tissue culture plantlets due to foot rot
infection



P- Inoculated with Pseudomonas, C - Control

Plate 14 Effect of inoculation with Pseudomonas at the time of planting out on
foot rot disease of tissue culture plantlets of black pepper

M+P - Inoculated with AMF and Pseudomonas, C - Control

Plate 15 Effect of inoculation with mycorrhiza and Pseudomonas at the time of
planting out on foot rot disease of tissue culture plantlets of black pepper

A+M+P - Inoculated with Azospirillum, AMF and Pseudomonas, C - Control

Plate 16 Effect of inoculation with Azospirillum, mycorrhiza and Pseudomonas at the
time of planting out on foot rot disease of tissue culture plantlets of black pepper



Phiviophihiora capsici. On 10" day of inocutation. limited number of plantlecs
showed /' capsici infection. Plants, which received AMI inoculation alone.
and the treatment MAPg recorded the number of infected plants as three cach.
whercas (reatments MoAPy, MgAP and MAGP showed infected plant of ene
cach. None of the plants in MgAgP and MAP treatments showed infection.
Control recorded 2 infected plants (Table 14 and Plate 14). By 20" day. (he
tnfection rate further increased. The control recorded 66.6 per cent intection
whercas MAgPg, MpAPy and MyApP showed 33.3. 50.0 and 16.6 per cent
imfection respectively. The dual inoculation treatment. MA (P recorded a low
infection rate of 16.6 per cent (Plate 15) followed by MyADP with 23.4 per
cent and MAP, with 41.6 per cent. The combination involving all the three
organisins (MAP) recorded an infection rate of 25.0 per cent (Plate 10). The
30" day observation showed similar rate of infection in treated plants
whercas 1 control 100.0 per cent infection was noticed.  In treatment with
Azoxpirvithum alone also the infection rate reached 100.0 per cent by 40™ day
(Plate 17). while other inoculation treatments maintained a low infection
percent. The lowest rate of 16.6 per cent infection was recorded in MAP
followed by treatment with Pseudononas alone with 25.0 per cent. A simifar
(rend with 100.0 per cent infection in MgAP, and control, with relativels tow
value Tor inoculation treatments was noticed on 50" day also. The 60™ day
obscervation showed a lowest infection percent of 25.0 in Pscudfomonas alone
tremtment and MAGI followed by MpAP and MAP with 41.60 per cent cuch.
e AN alone treatment recorded infection rate of S0 per cent (Plate 18)
while MAP, recorded 58.3 per cent. Amongst the microbial inoculants,
Pycudomonas or its combination with other microbial inoculants consistently
showed relatively low infection rate.  Similarly mycorrhiza alence or i
combination atso showed low infection rate.  Treatment with Azospirillum

did not show much cffect on discase incidence when treated alonc.
The plant mortality recorded on 10" day of inoculation with pathogen
wits nsipnificant (Table 14 and Fip.8). There wus notable mortality due to

mfection from 20" day  onwards, No mortality was  observed in



A - Inoculated with Azospirillum, C - Control M - Inoculated with AMF, C - Control

Plate 17 Effect of inoculation with Azospirillum Plate 18 Effect of inoculation with mycorrhiza
at the time of planting out on foot rot disease of at the time of planting out on foot rot disease of

tissue culture plantlets of black pepper tissue culture plantlets of black pepper
A+P - Inoculated with Azospirillum A+M - Inoculated with Azospirillum and AMF,
and Pseudomonas, C - Control C - Control
Plate 19 Effect of inoculation with Plate 20 Effect of inoculation with
Azospirillum and Pseudomonas at the Azospirillum and mycorrhiza at the time
time of planting out on foot rot disease of of planting out on foot rot disease of

tissue culture plantlets of black pepper tissue culture plantlets of black pepper



Pyevdomanas alone and MAP as against 33.3 per cent noticed in control.
Individial inoculation with AMIT and Azospirillum recorded 25.0 and 16.0
per cent respectively. The dual inoculation treatment MAGP showed 8.3
per cenl followed by MAPg (16.6 per cent) and MgAP (25.0 per cent). The
mortalily ratc was further increased by 30" day and the control plants
recorded 75.0 per cent mortality, whereas Pscudomonas alone and MAP
showed 8.3 per cent cach, Mycorrhiza alone recorded 33.3 per cent while
Azospiriflum alone recorded 58.3 per cent mortality (Table 14). Amongst
the dual maoculations, MARP and MAP, recorded 16.6 per cent cach and
MaAY had 25.0 per cent. By 40" day 160.0 per cent mortality was noticed
in control while other trealments. maintained a similar trend. On 50" day.
the Towest infection percent was in MgAqP (8.3) followed by MAP {16.0)
against 100.0 per cent in coatrol.  Amongst the individual inoculation,
MuA Py recorded a higher mortality rate of 75 per cent whereas MAP, had
VA3 per vent mortality,  Amongst the dual tnoculations, MAP recorded
166 por cont mortality followed by MgAP with 33.3 (Plate 19} and MAP,
with 30 per cent (Plate 20). The mortality rate recorded on 60" day did not
differ from that recorded on 50" day (Table 14). Amongst the 3 micrabial
mocubints ested, Pscudomonas recorded the lowest mortality whereas it
was inoculated singly or in combination with others.  Similarly AMI
fone o in combination also  showed relatively  low  mortality,
Azaspirithom was not that much effective in suppressing {oot rot discase

compared to Pyeudomonas and AMF.

4.4 SELECTION  OF  HOST  PLANT  FOR  AGROBACTERIUM
RIIZOGENES MEDIATED ROOT TRANSFORMATION FOR AMIE
PRODUCTION

4.4.1 Seleetion of host plant

Sensitivity of different host plants such as cucumber (Cucieniis scativis).
tomato {(Lycopersicon  esculenium),  pigeon  pea  {(Cajanrus Cajant).

stylosunthes (Styfosanthes sp.) and black pepper (Piper nigrum) were
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tested Tar AL rlrizogenes infection and transformation and data presented in
Table 15 After inoculation with 4. rhizogencs the root initiation in the
arca upto 1 cm above the point of ineculation in the stem was monitored at
24,48 and 72 hours after inoculation, After 24 hours. 2 roots with (0.5 ¢m
length svere noticed in cucumber and in tomato 1 root of 0.3 ¢cm length
was observed. Other host plants tested did not show any root initiation in
first 24 hours. After 48 hours, there werc 5 roots with an average length
of 1.3 ¢m in cucumber along with root initiation in leaves. In tomato., 2
roots with 0.5 ¢m were noticed. In pigeon pea also one root with 0.5 ¢m
length was observed.  Stylosanthes and black pepper did not show any
root inttttion.  After 72 hours. there were 8 roots with 3 ¢m length in
cucumber and tomate recorded 3 roots with (.5 c¢m length. while pigeon
pea il 1 oroot with 1 em length. Stylosanthes and black pepper did not
show oy root initiation at 72 hours also. Amongst the 3 plants that
showed root initiation cucumber showed maximum hairy root formation in
the stem The root itiation from the leaf was noticed only in cucumber.
[fenee. cucumber was selected for further studies on dual culturing with

myeorrhiza (Plate 21).
4.4.2 Inoculation with AMF

Aller elearing the pathogen, the plants were maintained in rooting
medivm (Hall MS with rooting hormone, IBAY} and inoculated with surface
stertlized spoares of Glomus monosporum. The infection and colonization
ol mycorrhiza could not be achieved since none of the plants survived
Pevond ciphteen days,  The attempts made to establish the plant in out
door candition in media such as sterilized vermiculite, soil rite, sand.
vermiculite — perlite mix, vermiculite — sand mix also failed to achicve
establishiment of the plant (Plate 22). The scparated roots cultured tn the
toeling mediunt also did not multiply even after three months. “The spores
inoenlated inosuch roots in root culture medium though germinated.

vilection and colonization did not take place.



DISCUSSION



5, DISCUSSION

The bencticial organisms such as AMF, Azospirillum and
fluorescent pseudomonads are well recognized for their positive inlluence
on autrition and health of crop plants, There are commendable amount of
work 1n order to exploit these beneficial microorganisms for growth
improvement and disease management of crop plants (Okon. 1983
Pacovsky, 1985; Joseph, 1997; Aguilcra-Gomez e/ «of., 1999; Sivaprasad ¢r of..
1999b; Pal ef af., 2001; Heera, 2002; Bahah ¢ af., 2003). However, the
attempts made to exploit these organisms for the benefit  of
micropropagated plantiets are very meager. Investigation was undertaken
to test the effect of inoculation with AME, Azospirilium and fluorescent
pseudomonads on survival, growth and incidence and intensity ot foot rot
disease in micropropagated plantlets of black pepper. Resulis pertaining

to these studies are discussed hereunder.

The 1noculation with mycorrhizal fungt and Psewdomonus cither
alone or in combination with other organisms gencrally improved the
survival rate of black pepper plantlets during the hardening phasc.
Inoculation with Pseudomonas resulted in 100 per cent survival of
plantlets followed by AMF with 83.3 per cent survival against 66.6 per
cent recorded for control. In the present study, though mycorrhiza is well
recognized for aiding in the survival and growth of tissue cullure planticts.
Pseudomonas showed a relatively higher survival rate than mycorrhizul
fungi. It is known that the endophytic type Pseudomonus brings about
series of physiological and biochemical changes in the host plant. which
favours the disease resistance and growth of host plant (Burr er «/.. 1978:
Kloepper e «/.. 1980a; Raaska er «l, 1993; Schinder er ol 1994
Defreitas et al.. 1997, Paul et «f., 2001, 2002, 2003). Further, the growth
hormones produced by Psendomonas helps in the early root initiation and

development of crop plants (Defreitas and Germida, 1992; Glick, 1993:
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Arshad und Frankenberger, 1998; Nowak, 1998; Joseph er al.. 2003).
Pseudomonas fluorescens isolate P-1 used in the present investigation is
an endophytic type of bacteria capable of producing higher levels of IAA
(Sivaprasad et al., 2003), These desirable traits of the particular organism
might have helped in the survival and establishment of plantlets in the
hurdening phase. The influence of mycorrhiza on survival, establishment
and growth of tissue culture plantlets have been well documented in
cassavi {Calderon ef al., 2001), sugarcane {(Gosal es al., 2001), strawberry
(Taylor and Harrier, 2001; Borrowska, 2002), colfee (Fernandez e/ «f.,
2002) wul banana (Jaizme-Vega ef al., 2002; Lins ef al., 2003; Trindade et of..
20013). The high mortality rate of tissue culture plants are attributed to
defective physiological features such as poor development of cuticle and
cpicuticalar wax on newly cmerging leaves (Lesham, 1983), impaired
stomaninl mechanism (Capellades et af., 1990), high transpiration rates
{Precee and Sutter, 1991) and low photosynthetic rates (Lee ¢f «f., 1985).
[his leads to an uncontrolled water loss from the plant and consequent
dehydratton and wilting of the plant. Further, the poor development of
raot and root hatr affects the uptake of water and nutrients (Reuther.
1980), wnd the defective vascular connection between root and shoot
hinders the transport of water and nutrients (Sivaprasad and Sulochana.
2004y, Fhese defective physiological features seriously affect the water
polentiul of the plant and mortality occurs due to desiccation. Again,
since the plants are ruised under aseptic conditions and not exposed to any
sort of micro [lora, the defense mechanism of the plant against the
microbial infection is not triggered and hence, they are much vulnerable to

microbial Infection.

Wihen mycorchizal colonization takes place, the hyphac ramify
inside 1he root cortieal region and spread towards the soil and functions
sytonyimons Lo rool hairs (Miller and lastrow. 1990; Berta ¢f al.. 1990;
schellenbaum ef af., 1991). The hyphae take up water and nutrients from

the soil wod transport to the root cortical region and hence the deficiency



ol rool hair formation of plantlets is corrected and proper absorption
mechanism s provided to the plantlets (Berta er af., 1990; Guillemin e /..
(994 hanuja ef af., 2002), It could bé hypothesized that the mycorrhizal
by plise that ramify in the root cortical region may bridge the vascular
contcedtlan between roots and shoot, as it is known that the nutrient
ranspodl (akes place through the hyphae. Hence, there is possibility for
correcting the transport of water and nutrients from root to shoot. The
plivetological changes due to AMF such as increased phetosynthetic
actisaity (Nivaprasad and Rai, 1985; Sanchez-Blanco ¢f «f.. 2004) und
ciligne cd phytehormone activity (Sivaprasad and Rai, 19873 {avour the
carly development of roots and fast growth and development of the
planticts. [t is known that AMF induces systemic resistance against
athopcas by triggering the production of PR proteins and phenolic
componnds  (Grandmaison et ., 1993; Sivaprasad ¢t «l.. 1995
Grammnaeszi-Pearson ef al., 1996). This trait of AMFE muakes the plant

folerant to pathogenic infection also.

Inoculation with Azospirillum alone did not show uny effect on
mmproving the survival rate of plantlets. Although there was 100 per cent
survival in treatment involving Pseudomonas alone compared to 83.3 pur
cent recorded for mycorrhiza alone, it is observed that a loss of 8.4 per
cent wis noticed during carly stages in mycorrhiza treatment.  This
indicates that the mortality was before establishing mycorrhizal effect on
host system as it is known that mycorrhizal infection and subsequent
development requires around 15 days. On the other hand, Pscuwdomonas is
piving protection o plantiets particularly against pathogenic infection
Hom (he time of application. {lence, a combination of Psendomonas and
AME may give belter protection to the plantlets.  The combination
iy aiving either Pyserdomonas or mycorrhiza also recorded higher survival
e The combination of Azospirillum  and  Pyceudomonas and  the
treabnent including mycorrhiza and Azospirillum recorded 100 per cent

survival cach. The combination involving AME, Adzospirilium  and



Pseudononas recorded 91.6 per cent survival. Mortality of 8.4 per cent
(one plant) occurred immediately after transplanting: perhaps duc to the
unhealthy condition of the plantlet, as it was evident from the fuct that
none ol the remaoining plants showed symptoms of dehydration or
pathogenic infection. In the uninoculated control by 30" day of
transplanting 33.4 per cent plants died, thereafter there was no mortality.
Fhis high mortality during the initial stage was due to wilting consequent to
desiceatlon. In the fater stage, the plantlets might have acclimatized with the

outdoor conditions und hence there was no further mortality (Fig. 1).

Jhe microbinl inoculants have significantly influcnced the growth
charucteristics such as plant height, number of leaves, leaf area and number
of brimches of tissue culture plantlets of black pepper during hardening
phase. I'he effect on plant height was evident from 30™ day after planting. On
90" dny after transplanting the cffect of microbial inoculants on growth
characieristics were more pronounced with maximum plant height for MAP
followed by MAP. Among the three inoculants, mycorrhiza treatment alone
or in combination with either Azospirillum or Pseudomonas significantly
increased the plant height over control. Similarly, Azospirifium alone and in
combinnlion with mycorrhiza recorded significant increase in plant height
over ctlrol, Regarding the number of leaves, although, there was no
sigiitiennt difference, the number of leaves was found to incrcase due to
single inoculation or combinations of microbial inoculants over controi from
W day onwards.  Similarly, though there was no signiticant effect on
minbwr of branches due to inoculation with different inoculants, there was an

Lh

increasing trend with microbial inoculant treatments from 307 day after
transplanting.  Pseudomonas was found relatively more stimulatory in

branching compared to mycorrhiza and Azospirillum.

Inoculation with mycorrhiza either alone or in combination with
ofher 1wo inoculants significantly increased the leaf arca of the plantlets

rrom 0™ day onwards (Fig. 2). The significant effect of Azospirilium and



Psendomonas on leaf area was evident from 60" day onwards. The
observation recorded on plant growth characteristics vividly indicated that
inocudatlon with AMF remarkably increased the growth characters of
bluck pepper plantlets in the hardening phase. Similarty influence of
Pscudomanas and  Azospirillum  in improving the plant  growth
characleristics was cvident at all stages of observations, It is well
documented  that inoculation with appropriate mycorrhizal funpus
significantly improve the biomass production (Nagarajan ¢f «f., 1989:
Kumiui and Balasubramanian, 1993; Boucher er «/., 1999, Mathur and
Vyas, 1999; Gardezi et al., 2001) and growth characteristics such as piant
height (Shashikara et al.,, 1999; Gardezi er al., 2001), leaf number
(Aguilera-Gomez er al., 1999; Shashikara er «/., 1999), leaf area
(Aguilera-Gomez ¢f al., 1999; Yano-Melo e/ «f., 1999) and rooting
(Anandary) and Sarma, 1994; Thanuja er /., 2001) of crop plants. The
mycorrhiza induced improvement in plant growth characteristics is due to
improved nutrient uptake (Harley and Smith, 1983; Joseph, 1997). water
relations (Safir er af., 1971, Al-Karaki, 1998; Sanchez-Blanco ¢r of.,
2004}, photosynthetic activity (Sivaprasad and Rai, 1985; Caravaca ef af..
2003 Sanchez-Blanco er al., 2004), phytohormone activity (Allen ¢/ «af..
1982 Nivaprasad and Rai, 1987) and disease tolerance (Sivaprasad ¢t af..
1O05h, Anandaraj ef al., 1996, Robert, 1998; Kavitha, 2001; Thanuja and
[Tegde, 2001),

Azaxpirillum is a recognized N biofertilizer, which increases plant
growll and development through N fixation and hormonal activity (Tien ef /..
1979 kapulnik et af.,, 1985; Okon, 1985; ladas and Okon, 1987: Okon
and Gonzalez, 1994 Varma, 1995). During the early stages of hardening
phasc, the hormonal activity might have helped in the root development
and prowth characteristics of the plantlets and also it contributed in the N

nutrition of the plants.



I'lant growth promoting rhizobacteria, Pscudomonus fluorescens
tsolate I'-1 used in the present investigation is known to produce higher
levels of TAA and stimulate the growth and development of black pepper
plants (Sivaprasad et al., 2003), This desirable traits of Pseudomonus
ased in the study might have contributed in improving the growth
characters of plantlets. The endophytic nature of P, may also have further

nugmented the effect on growth,

"I e physiological features related to water potential of the planticts
such ns slomatal conductance, leaf temperature and relative water content
were shidied in plants inoculated with different microbial inoculants.
There was considerable influence on these parameters at different stages
ol hardening by the organisms. Stomatal conductance observed on 15
DAT was found relatively low in microbial inoculant treated plants
compured to control. On 15" day the stomatal conductance was high in all
tlie treatments compared to 30™ and 45™ day after transplanting. This may be
due 1o the non-functional nature of stomata at the early stages of plantlets.
As the plants acclimatized to the outdoor conditions, the functioning of the
stomala pradually reached to normal stage and the conductance was reduced
accordingly (Fig. 3). On 15™ day, the stomatal conductance recorded for

' vecorded for control.

myeorthiza alone was 0.41 cm s as against 0.53 cm &
Pscudanonas  inoculation showed 0.41 cem s and treatment MA,P
regisiered the lowest value of 0.33 cm s, The relatively low stomatal
conductanee recorded in mycorrhiza and Pseudomonas moculated plants
may he the reflection of the trend in the correction of stomatal functioning
taking place; perhaps the better growth and development of the plant duc
to inoculation favored the stomatal functioning from early stages. On 30"
day, the treatment MAoP, recorded 0.18 cm s™' and Pseudomonas alone
trealment recorded 0.14 em s as against 0.23 cm s”' recorded for control.
The treatments MAGP and MAP recorded 0.15 and 0.12 cm g

respectively. The relatively lower values recorded for all the treatments is

the indication that the functioning of stomata reaching normal.



' fluorescence isolate P-1 used in the present investigation is known for

higher level of JAA production (Sivaprasad ef af., 2003).

The data recorded for the relative water content for various
microbianl inoculant treatments further confirm that the treatments with
mictohinl inoculants increases the water uptake and hence, the water
potential of the plant. The relative water content of treated plants was
consisiently higher at all stages of observation (Fig. 4). On 120 DAT, the
maximum RWC being 88.60 per cent recorded for MAP as against 70.40
per cenl recorded for control.  This amounts to 26 per cent increase in
RWC These observations vividly showed that treatment with microbial
imovulindts such us AMF, Psewdomonas and Azospirillum significantly
increase the water content of the plant through enhanced uptake from the
ttovwingy medium, probably due to the improved root development through
improved hormonnl activity as well as other mechanisms such as better
change 1o kinetics in nutrient uptake as in the case of mycorrhizal system
{(Berta o al., 1990; Thanuja ef al., 2002). This significantly high water
content of the plant has definitely helped the plantlets to overcome the
excessive water loss and mortality due to the inhecrent physiological

aberrations and registered a higher survival rate.

The total and orthodihydroxy (OD) phenol content of the plantlets
treated with different microbial inoculants was found significantly higher
at different stages of observation (Fig. 5). The total phenol content was
maximum in mycorrhiza inoculated plantlets on 60 DAT followed by
different combination treatments involving mycorrhiza. The treatment.
MAP recorded 67.33 pg g as against 47.83 ug ¢ observed in control.
The increase accounts to 41.00 per cent. A same trend was noticed on 120
DAT also. The OD phenol content recorded in all the treated plants was
significantly higher than that observed in control on 60" and 120" day
after transplanting. Among the three organisms tested, the cflect of

Psewdomonas was maximum followed by AMF and Azospirilium.  The



combinations further increased the effect and MAP recorded 44.16 pg ¢
as aguinst 16.66 pg g recorded in control. A similar trend was noticed on
120" duy also. The observations clearly showed that treatment with
microbial inoculant significantly increased total and OD phenol content of
plantlcts compared to control treatment. The plantlets developed in
aseptiv conditions are not exposed to interaction with any microorganism
and henee, the defense mechanism of the plantlets was not triggered
t’Sivapr;maid and Sulochana, 2004). This may be the reason for a very low
phenolic content particularly OD phenol noticed in the plantlets at early
stages. o the case of plants inoculated with microbial agéhts got an carly
opportunity tb interact with microorganisms and triggered the defense
mechnnism of the plant. This led to production and accumulation of
phenolic compounds particularly OD phenols. The high values observed in
Pseundomonas inoculated plants can be attributed to endophytic naturc of
organisim used in the study. The organism invades root, shoot, foliage and
other pards of’thc plants and produces a spectrum of compounds and
induces systemic resistance in the plant by the production of defense
refated compounds  including phenolics (Tuzun and Kloepper, 1995;
Hallmaon ¢t al., 1997; Benhamou and Nicole, 1999; Manjula e al., 2002).
It is well documented that mycorrhiza invades root cortical region which
feads to ISR (Induced Systemic Resistance) in plants as in the case of
Pseudomonay by the production of defense related compounds including
phenolivs by the host plant (Grandmaison ef af., 1993, Sivaprasad ¢t ol.,
[9950. ianinazzi-Pearson et al., 1996). These characteristics of the

otpanist resulted in higher phenolic accumulation in plantlets.

the total soluble protein of the plantlets was significantly
mitueneed by inoculation with different microbial inoculants (Iig. 6).
Amonp .t the three organisms tested, Pyseudomonas recarded the maximum
soluble protein content with 456.0 pg g'and 701.6 png g as against 291.6
and 351,60 pg g recorded for control treatment on 60 and 120 DAT



respeetively. This was followed by Azospirillum and AMF. The combinations
of ipoculiants further augmented the results. The soluble protein pool
camprives PR proteins, various enzymes and other protein macromolecules
synthesized by the plant. In the present investigation Pseudomonas
treatment resulted in maximum protein content. This could be attributed
to many factors such as better nutrition of the plant, bacteria induced PR
prolein synthesis and the distribution of bacteria in the plant system.
Pyendvonay is well recognized for induction of PR protein synthesis in
plant system (Kloepper er al., 1980a; Raaska er af., 1993; Delreitas ¢f «f..
1997 'aul et al., 2003).

T'he higher protein level in Azospirillum system may be due to the
fact that organism fixes N and hence, improves N nutrition and protein
content of the plant. Further, the better root development and increased
uptake ol soil nutrients might have also contributed to high protein
content of the plant, Increased uptake of soil nutrients especially K favour
the rapid turnover of inorganic N into proteins (Koch and Mangel. 1974).
The mycorrhizal association ts known to increase the protein content of
the plant and suggested at the better nutrition and induction of systemic
resistunce with PR protein synthesis and other related systems may
cantribute in increasing the soluble protein (Grandmaison et al., 1993:
Giuninuzzi-Pearson ¢f al,, 1996). The maximum level of soluble protein
observed in combination involving all the three organisms may be the

reilection of additive effect of the organisms.

lreatment with microbial inoculants generally improved the
carbohydrate content of the plants. Maximum carbohydrate content was
recorded by AMF and the increase was significant over control, followed
by Adzospirillum and Pseudomonas. The combinations of inoculants further
increased the effect. It is known that higher carbohydrate content is the
reffection of high photosynthetic rate. Mycorrhizal association improves

the carbon dioxide lixation rate and increases the carbohydrate content of



the plants (Harley and Smith, 1983; Sivaprasad and Rai, 1985; Rao and Ruo.
1998: Davies ef «f., 2002; Sivaprasad and Sulochana, 2004). Allen e¢f .
(1981) altributed mycorrhizal enhancement of photosynthetic rate as a
conscgnence of reduction in stomatal resistance, as observed in the later
phase of hardening in the present study, and mesophyll resistance to
carbon dioxide uptake and increased chlorophyll content. The hetter
hydealion and resultant leaf area increase in plants also favours better
photosynthesis (Snellgrove er al., 1982). Relativcl); higher carbohydrate
content observed in Azospiriilum and Pseudomonas treatments could be
attribuled to better nutrition and hormonal activity (Okon, 1985; Iladus
and Okon, 1987; Raaska ef al., 1993; Glick et of., 1994: Arshad and
Frankeuberger, 1998). This was also evident from the data recorded in the
present study that these microsymbionts improve the root development

and the growth and development of the plant.

The study conducted to test the effect of inoculation with microbial
inoculants, viz., AMFE, Pseudomonas and Azospirillum on foot rot disease
invidence  and  intensity indicated that the association of AMF and
P'sendomanas remarkably improved the tolerance of plantlets to disease
aidd branglit down the incidence and intensity of discase (Fig. 7). On 30"
day ob inoculation with the pathogen, all the control plants (100.0 per

cent) were infected as against 3 (25.0 per cent) and 4 (33.3 per cent)

recorded Tor Pseudomonas and AMF respectively.

Ihe mortality of the plants also remarkably reduced due to
inoculation  with mycorrhiza and Psendomonas  either singly or in
combination. All the control plants succumb to the disease by 40" day.
wherens it was 8.3 per cent in Pseudomonas and 33.3 per cent in
mycorrhiza treatment, The combination of mycorrhiza, Pseudomonas and
Azospivitium showed 8.3 per cent. These observations vividly indicated
the poutential ability of AMF and Pseudomonas to impart tolerance in

tissue culture plantlets of black pepper against foot rot infection and



motlaliy - Azospiriffum, though improved the growth and development of
the phiont, did not show much effect in reducing discase incidence. The
mycathzal associalion imparts tolerance against root pathogens and
protecto the planis  against  pathogenic  infections  (Dehne,  1982;
Sivaprisad, 1995b; Azcon-Aguilar and Barea, 1996; Cordier ¢f «f.. 1996:

Jaseph, 1997; Kavitha, 2001).

Mechanisms of disease control by mycorrhizal association include
competition for infection site and host photosynthates (Azcon-Aguilar and
Barca. 1996), increased nutrient status of host plant {Dehne. 1982: Iussey
and  Ruancodori, 1982), morphological (Berta er af.. 1993) and
physielogical changes in host root (Snellgrove er al., 1982) — increased
cthylene production and DNA methylation by VAM roots (Dugassa ef ul..
1990). changes in rhizosphere microflora (Azcon-Aguilar and Barea.
1990} and activation of defense mechanisms of host plant leading to
hypersensitive response (HR) (Uknes et af., 1996), accumulation of
secondary metabolites such as phytoalexing (Harrison and Dixon. 1993)
and phenolies {Orandmaison ef aol., 1993; Sivaprasad ef «/.. 2000) and
production of enzymes including PR proteins (Gianinazzi-Pearson er «f..

[9Y0)

Similarly, tluorescent pseudemonads are well-recognized biocontrol
apents cffectively used against most of the fungal and bacterial discases
(Howell and Stipanovie, 19?9;. Kloepper ef af., 1980a; Lifshits ¢f «f.. 1987
faha and Verma, 1998; Rangeshwaran and Prasad, 2000: [lecra, 2002
Sivapeasad,  2002: Meenakumari et af., 2003). Mauajor mechanisms
mvolved are siderophore production (Raaska e «f.. 1993), antibiotic
produoction (Schinder ef af., 1994), mobilization ol P (Dcefrietas er of..
19974, inhibition of cthylene synthesis and thus improving plant growth
(Glich ef «f., 1994), and production of growth stimulating phytohormoncs
(Arshad and Frankenberger, 1998). The mycorrhiza and Pscudomonas

wsed in the present investigation are known for their potential to suppress



ool ol pathogen, Phytophthora capsici (Robert. 1998; Sivaprasad ef ..

2000 Nivaprasad ef af., 2003).

I'he tissue culture plantlets developed under aseptic conditions are
highly vulnerable (o pathogenic infection, as their defense mechanisms
have ol been triggered earlier. The inoculation with mycorrhiza and
Psendemonay stimulate the defense system of the plant at early stage and
mduees systemic resistance against the pathogens.  These (actors might
have contributed in achieving higher level ol protection against [oot rot
imfection and mortality in tissue culture plantlets of black pepper. Hence.
(the caombined application of mycorrhiza and Pscudomonas will ensure
profection against disease and better growth, development, survival and

cslablishment of black pepper plantlets.

[ he sensitivity of plant genotypes to 4. rhizogencs infection and
franslormation varies. In order to develop AMF production technology in
fanstoomed root culture, a sensitive host plant is highly essential. In the
(resent anvestigation five plant specics, viz., cucumber (Crecumis sativis).
tonrata clvcopersicon  esculentum),  pigeon  pea (Cajanus  cajun).
sty loanthes (NOfosanthes sp.) and black pepper (Diper nigrum) were
tested tor o rhizogenes infection and hairy root formation. Amaongst the
Live plunts tested, cucumber showed root initiation above the inoculation
(oot on (he stem within 24 hours of exposure 10 A. rhizogenes. The root
imnitiation and elongation was continued in cucumber and within 48 hours
five roots with an average length of 1.5 em was noticed in I cm area
above the inoculation point. Although pigeon pea and tomato also showed
rool indtiation, it was not as intensive as cucumber. The other two crops
did nol respond to A rhizogenes inoculation.  The root initiation from
leaves dlso noticed in 48 hours in cucumber. The observations vividly
showed that cucumber is highly sensitive to A. rhizogenes infection and
(ransformation compared to other plants; perhaps cucumber is a sensitive

host Tar the pathogen.  The shy root mitiation and very slow growth



nediced in lomato and pigeon pea indicate that they are not sensitive hosts
(ot 1 s lizagenes: perhaps toletant to the pathogen.  Stidosanthes and
hlack pepper may be resistant to infection and subsequent transformation.

There 1s no record of work to support this information,

Studies to establish dual culturing with AMF was conducted on
translormed roots and whole plant. The separated roots, after ¢learing the
pathogen, did not show root elongation in the root culture medium. The
spores placed for colonization in the root, though germinated did not
infect and establish colonization in the root. The reasons for such failure
of rool multiplication and colonization need to be further investigated.
I'he physiological conditions and nutrient concentration of the medium
and the root may not favor the infection. Hence, further stundardization is
required. The attempts made to establish the plant in growing medium
also did not succeed, Within 20 days of planting, the plants died duc to
wilting. T'his may be due to some physiological changes brought about by
A rhicogenes infection such as higher auxins and other hormone
concentration  in the plant. Hence, in order to achivve successful
colonization.  further  physiological analysis and standardization is

requiined.



SUMMARY



6. SUMMARY

Micropropagation is one of the important contributions of plant
tissue culture to commercial plant propagation and has much significance
in the rupid production of quality planting material. The major problem
that limits the wide spread use of micropropagation is the low survival and
growth of plantlets under outdoor conditions. Certain aberrant
physiological features of the plantlets often lead to desiccation, wilting

and high susceptibility to pathogenic infection.

In the present investigation attempt was made to integrate microbial
inoculant technology with micropropagation of black pepper in order to
achicve higher survival, growth and foot rot disease tolerance. The
microbinl  inoculants such as AMF, fluorescent pseudomonads and
Azospirdthum were used 1n the study. [noculation with different microbial
inoculinis was given to the tissue culture plantlets of black pepper during
planting out. Their survival, growth characteristics and foot rot disease
lolerance . were monitored. A general improvement in growth and
establishment of plantlets was observed due to inoculation with AMF,

Pseudomonas and Azospirillum.,

T'he treatments involving AMF and Psendomonas either alone or in
combination consistently showed remarkably higher survival rate
compared  to  other treatments. The combination of mycorrhiza.
Lrospivitfum and Psendomonas showed a significant effect on survival and
prow(lh characteristics of plantlets such as plant height and lcafl arca

compated 1o other treatments.

[he  effect  of microbial inoculants on physiological and
hinchemival characters of the plantlets was also significant. All the
beatiments invoelving AMF showed minimum stomatal conductance at

carly stapes of hardening and later gradually increased and recorded a



maximum value of 0.18 cm s by combined inoculation of the threc

microbinl inoculants. .

in the case of leaf temperature also the trcatments involving AMF
showed relatively low leaf temperature. The lowest leaf temperature was
recorded in combined inoculation of AMF and Pscudomonas (32.26°C) on
A5 duy o nfter transplanting which indicated the higher water content of

these plints.

Ihe relative water content of the plantlets was also measured and
lontd  that  the combined inoculation of AMF, Azospiriflum and
Psewlomonas consistently recorded higher values at different stages ol

ohservation,

'he total phenol content in plant tissues was found to be highly
stimulated by AMF (105.83 pg g') on 120 days after transplanting
followed by Adzospirillum and Pseudomonas. The highest orthodihydroxy
phenol content was shown by the treatment MAP (46.66 g g') on 120
days alter transplanting.  The soluble protein and total carbohydrate
content of the plantlet was also significantly enhanced by the combination

treatment involving AMF, Azospirillum and Pseudomonas.

The effect of microbial inoculants such as AMF, Azospirilium and
Pseudomonas on incidence and intensity of foot rot disease in tissue
culture plantlets of black pepper was studied. Inoculation with
Pintopththora capsicl was given to incite the discase. Among the three
microbial inoculants tested, Pseudomonas recorded the lowest mortality
whether it was inoculated singly or in combination with others. Similarly
AMLI alone or in combination also showed relatively low mortality.
Azospiritlum was not effective in suppressing foot rot disease compared to

Pyendonionas and AME,

Ihe quality of AMF inoculum is an important Jactor in tissuc

culture use.  Any technology, which helps to produce AME in aseptic
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conditions, will be much practical application. Attempt was made to make

use of transformed root culture technique using Agrobacteriunm rhizogences.

[n the present study amongst the five host plants tested viz..
cucutmber (Cucumis sativus), tomato (Lycopersicon esculentunt), pigeon
pea (Cajunus cajan), stylosanthes (Stylosanthes sp.) and black pepper
(!'iper nigrum), cucumber was most sensitive for infection and
translonmation by A. rhizogenes. Hairy root formation was observed in 48

hours,

Attempt made to co-culture the transformed root with AMI through
root colonization was not successful. The transformed root showed only an
imsigniheant  elongation in rooting medium and did not take AMF

colonization.

Attempt made to establish the transformed plants in outdoor
condinons atso  fatled.  Further studies are needed 1o analyse the
physiological reasons for the failure of AMF colonization in the
transformed roots so as to further standardize the technique to achieve

colonization.

The present investigation vividly showed that inoculation with
microbial inoculants - AMF, Pseudomonas and Azospirilfum — 1s highly
benctood o tissue culture plantlets of black pepper and signiflicant
mcieie (nosurvival rate, growth and tolerance 1o foot rot discase was
achivved The treatment combination involving all the three organisms

was et elfective.
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APPENDIX -1

Composition of different media

(a} Half Strength Murashige and Skoog (MS) medium (Murashige and

Skoog, 1962)

Selution A
1y MHNO,
1) KNO;
3 MeS0y 7 H0
4y kPO,

Solutfon B
1 CaCly. 2H,0

Sulution ¢
Ly O,
2y AMnSOy, 4 HLO
3y Zus0y. 7 HyO
4y Kl

Solution |0
eSOy 7H,0
2 MaEDTA

Sehtlen ¥
I tot'l,, 6 H,0

Sedation |
1) tityeine
2 Niwline acid

Particulars Weight taken Volume Vplumc
made up pipetted
i6.5 g

190 ¢ 250 mg (2.5ml 1
37g (10 x} ~
1.7g \
|
8.00¢g 100 ml 2.5 mi \
(20 x) . .
...... I !
920 mg i
1.69 g 100 ml I ml ‘
860 mp (100 x) \
83 mg i
51 NuyMeQy. 2 HLO 25 mg :
S
745 mpg 100 ml 5l |
556 mg _‘ (20 x) i
12.5 mg 250 ml .5 mi ~

2y cusoy. SH0 12.5 mg (500 x)
200 mg !
50 mg 100 m! t ml ‘
b Pyridoxine HCI 50 mg (100 x) \
[0 mg '

41 Jloamine HCI

tnositel 104 g
Sucrose g
A iy L]



(b) Murnshige and Skoog (MS) medium (Murashige and Skoog, 1962)

P

Volume

Particulars Weight taken Volume .
made up pipetted
Solution A e
S NINO, i6.5g
6] KNO, 190 g 250 mg 25 ml |
7y MpSO, 7 H,0 37¢ (10 x) ‘
Wy KH,PO, 1.7 ¢
Solution 1§ Q«
Ny all,, 2H,0 8.00¢g 100 mi Sl I
{20 x) :
Soluthm v o
a1 Lo, 920 mg ‘
T MOy 4 HLO0 1.69 g 160 mnt I mi ’
81 080, 7 H,0 860 mg (100 x) i
i M 83 mg \
O o MoeQ)y 2 HL,O 25 mg |
Solntion 1t -
eSOy, 7H,0 745 mg 100 m! 5 ml '
Ay MaEDTA 556 mg (20 x) |
Salution |- - l
ool 6 HO 12.5 mg 250 ml 1.5 ml ;
di SOy 5110 12.5 mg (500 x) |
Solution | ‘
31 Uhine 200 mg \
oy Mivotine acid 50 mg 100 ml i ml
7y Pyridoxine HC 50 mg (100 x) |
B 1hinmine HCI 10 mg Jt ]

lhosilol 100 g
Sucrose 30 g
Agar Bg



(¢} Nitrogen Free Bromothymol Blue (NFB) Medium (Baldani and
Nalrereiner, 1980)

Maliv acid o 5g
Dipolivistum hydrogen phosphate @ 0.5 ¢
Miugnesium sulphate : 02¢g
Sodnims chloride : 0lg
Calciwn chloride : 002¢g
Trace ¢lement solution : 2ml

Alcoholic solution of

Bromathymol blue (5%) : 2ml
Fe FEYTA (1.64% w/v agqueous) 4 ml
Vitamin solution ¢ 4 ml
Patassium hydroxide : : 4¢g
Agar o 1.75g
Distilled water © 1 litre
WY . 6.8

(d) King's B Broth (King ef af., 1954)

Peptone o 20¢g
Dihydeogen potassium phosphate : 1.5¢g
Maguesium sulphate 1S5 g
Gilyceral 10 ml
Distilfed water o1 litre
" 7.2

(¢) Yeast Extract Agar (YEA) medium (Ratnasamy, 1997)

Beel extract : S5¢g
Yeuasl extroct o lg
Peplone : Sg
Nucrose . 5g
AMupgnestum sulphate ;300 mg
Agar : 20¢g

I Hatilled water ¢ 1 litre
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ABSTRACT

he present investigation was undertaken to evaluate the effect of
inoculation  with various ~microbial inoculants such as arbuscular
mycorrhizal fungi (AMF), Azo.s'pi}':'lfum and fluorescent pseudomonads in
different combinations on establishment, growth and foot rot tolerance of
micropiopagated  black pepper plantlets and also to standardize
transdovined root culture technique using Agrobacterium rhizogenes for

AMI inoculum production in selected host plant.

A peneral improvement in growth and establishment of the plantlets
was  obyerved  due  to  inoculation with  AMY, Pseudomonus and
Azospuiftum. The combined inoculation of the three microbial inoculants
showed n significant effect on survival rate and growth characteristics
such au plant height and leaf area. There was significant cffect on
physielogical and biochemical characteristics of the plantlets such as
stomatal  conductance, leaf temperature, relative water content, total
plienol,  orthodihydroxy phenol, total soluble protein and total
carboliydrate content due to inoculation with microbial inoculants which
lavoured better survival, growth and disease tolerance of the plantlets. Al!
the treatinents involving AMF showed a minimum stomatal conductance at
carly stages of hardening and later it was steadily increased and reached
the maximum. The leaf temperature was found to decrease due to
treatments with microbial inoculants. Inoculation with the organisms
resulted in consistently high values of relative water content at different
stages of observation, Combination involving all the three organisms
recorded maximum. The total phenol content in plant tissucs was highly
stimuluted by AMU Tollowed by Azospirillum and Psendomonos. The
orthodilny droxy  phenol, total soluble protein and total carbohydrate
coilenl ol the plantlets were also significantly improved by inoculation

with all the three organisms. Foot rot disease incidence and intensity was



sighilicantly reduced by inoculation with Pseudomonas cither singly or in
combination with others. AMF alone or in combination also showed
relatively Tow mortality due to foot rot discase. Azoxpiritlum was not
cffeetive in suppressing foot rot disease. In the attempt made to make use
of trinslormed root culture technique using Agrobacterium rhizogenes Loy
AMI inoculum production, cucumber was found as the most sensitive host
plant I'he co-culturing of transformed root with AMI through root
colonizntion was not successful. Further studies are necded to analyse the
physiolisgical reasons for the failure of AMF colonization in transformed

[KHIIRY

bhe prescnt investigation vividly showed that inoculation with
microbul inoculants = AMF, Pyendomonas and Azospiritlum — is highly
beneticlal to tissue culture plantlets of black pepper and signilicant
increase in survival rate, growth and tolerance to fool rot discasc was
achivved. The treatment combination involving all the three organisms

was ol ellective.



