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1. INTRO DU CTIO N

One o f  the important applications o f  modern biotechnology is its use in 

tissue culture. In vitro  micropropagation techniques are increasingly being applied 

for large-scale production o f  quality planting materials. O f  the four important stages 

in mieropropagation. regeneration in vitro, proliferation o f  the regenerates, rooting 

in vitro and transplantation to out door, the last stage is very crucial and important 

with respect to the establishment o f  in vitro  derived plantlets.

Tissue culture plantlets have very divergent leaf  anatomy and physiology and 

hence require an acclimatization period during the transition from culture to green 

house, from a total unnatural system to the very' natural environment . 1 he plantlets 

may not be able to withstand such sudden shock o f  the environmental changes. One 

o f  the major  impediments  to the success o f  mieropropagation is the very high 

mortality rate o f  in vitro plantlets either during acclimatizat ion phase or during 

transfer to the field conditions. Desiccation, wilting and pathogenic infection are 

main causes o f  low survival. It is estimated that only about 25 per cent o f  in vitro 

regenerated plantlets are successfully transplanted ex vitro  and still fewer establish 

into the Held (Sivaprasad and Sulochana, 2004). Such a disappointing state o f  affairs 

has been attributed to certain aberrant physiological features characteristic o f  in vitro 

derived plantlets.

1 lie poor  development  o f  cuticular wax o f  plants developed under high 

humidity condit ion and the abnormal  orientation o f  micro fibrils and defunct 

slomalal system leads to excessive dehydration and wilting o f  plantlets {Lesham. 

168.1; Capellades et a l , 1990). The micropropagated plantlets, during early stages, 

often fail to compensate this water loss through effective water absorpt ion and 

transportation as the root hair is not properly developed (Reuther.  1986) and the 

vascular connect ion between root and shoot is defective (Sivaprasad and Sulochana. 

2004). This ultimately ends up with heavy mortality due to dehydrat ion and wilting, 

further,  plantlets developed under controlled aseptic condit ions are highly 

vulnerable to microbial infection, as their defense mechanism has not been triggered 

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



maintain high water potential of  the plant along with protection against pathogenic 

i n l c c l i o n  and growth promotion will be o f  immense application i n  m i e r o p r o p a g a t i o n .

Ulaek pepper [Piper nigrum  L.) popularly known as 'k ing o f  spices'  is the 

iuo ,t important spice crop o f  India. India is a leading producer and exporter o f  black 

pepper. Kerala alone contributes about  97.2 per cent o f  the total area in India 

(Ihirayil 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 

for pooi- productivity o f  pepper  can be attributed to various factors including 

diseases, pests and nutrition. O f  these, foot rot disease incited by Phviophthova  

citpsici is identified as the major  product ion constraint in India. The fungus 

irrespective o f  the age o f  the plant, infects roots, stem as well as leaves o f  black 

pepper and causes a loss o f  30 to 100 per cent vines (Dntta, 1984).

Mieropropagation is being extensively used for the product ion o f  disease 

free, quality plantlets o f  black pepper  for distribution to the farmers. The high 

mortality and slow growth o f  the plantlets during acclimatization (hardening) phase 

is a major constraint. This mortality is attributed mainly to the physiological defects 

of  the plantlets as well as infection by foot rot pathogen, P. c a p sk i. The 

mieropropagation technique usually does not take into considerat ion the existence o f  

imilualislic symbiosis o f  mycorrhiza and other associative Plant Growth Promoting 

lihi/.ohaeteria (PGPRs). An early inoculation o f  micropropagaled plants with 

appropriate symbiotic organism promises to improve plant survival and performance 

t lo v a lo  cl a!., 1996). The soil microorganisms associated with plant species 

mUiictHc the plant growth and development  in many ways. Some organisms invade 

the plant and establish mutualistic relationship and often the plants are benelited in 

terms o f  better nutrition and protection against diseases. Mycorrhiza,  endophytic 

Pseudom onas  and Azospiriilum  are known for such interactions. Mycorrhiza! 

hyphae invade the root; rai jify inside and the mycel ia spread towards the soil. The 

mycelium help in the uptake and transport o f  nutrients and water from the soil. It 

aiso brings about physiological and biochemical change in the host that confers 

improved growth and belter tolerance to pathogenic infection (Bolan el a!.. 1987;  

D a v i e s  el at., 1 99 3;  Sivaprasad et a!., 2 0 0 0 ;  Sivaprasad and Sulochana.  2 0 0 4 ) .  It is



possible in correct many o f  the deficiencies o f  tissue culture plantlets with the 

desirable trails o f  mycorrhizal association. Fluorescent pscudomonads, in addition to 

direct inhibition o f  pathogens through the production of  highly potent inhibitory 

metabolites, enters the plant system and produce a spectrum o f  metabolites which 

induces systemic resistance in plants against pathogenic infection (Ramamoorthy cl al.. 

2000). They are also know n for the p roduction  o f  grow th  h o rm ones  and improve the 

root development  and growth o f  the plant (Kloepper el a /., 1980b; Arshad and 

hrankenhcrger, 1998). A zospiriilum  is an associative diazotroph that helps in the 

nitrogen nutrition o f  the plant and also improve the growth and deve lopment  o f  the 

plant through hormone production (Okon et a l 1976; Varma. 1995), Black pepper 

plants were also known to associate with microorganisms such as AMF and 

lluoreseenl pscudomonads, which resulted in improved growth and disease tolerance 

(Sivaprasad el al., 1995b; Sarma el al., 1996; Sivaprasad et al., 2003).  In the present 

investigation, attempts were made to integrate microbial inoculants such as AMF. 

Pseudomonas and A zospiriilum  to improve the survival, growth characteristics and 

loot rut disease tolerance o f  black pepper plantlets.

In order to exploit these microbial inoculants in the mieropropagation 

programme, availability o f  quality inoculum is au important factor, Although 

Pseudom onas and A zospiriilum  can be multiplied and produced asepdcallv.  there is 

no proper technology for inoculum production under aseptic conditions for 

myeorrhi/.a. as it is an obligate symbiont.  Agrobacterium  rhizogenes  mediated 

transformed root culture for mycorrhizal inoculum product ion is being attempted by 

many workers (Chabol et al., 1992; Khaliq and Bagyaraj, 2000;  Fortin el al.. 2002). 

The successful co-culturing o f  t ransformed roots with mycorrhiza enables the 

production o f  mycorrhiza] inoculum aseptieally.

The present investigation was undertaken with following objectives:

(1) Evaluation o f  the effect of  inoculation with AMF, A zospiriilum  and fluorescent

pscudomonads in different combinations on establishment, growth and loot rot

tolerance o f  micro propagated black pepper  plantlets.

(2) St andard iza t ion  o f  t rans fo rmed  root  cu l tu re  techn ique  us ing  A g ro h a e te r iu m

rh izo g en es  for AMF inoculum production in selected host plant.
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2. R E VIEW  OF LIT ERA TU RE

Tissue cull tire is considered as an important tool for cloning and 

propagation o f  crop plants. This technique not only increases the scale and speed 

o f  production, but also yields health ier  plantlets. It has got several advantages 

over conventional methods o f  plant propagation with application in horticulture, 

agronomy and forestry. Today about  50 per cent o f  flori-horticultural plants arc 

produced through mieropropagation techniques (Grotkas et a 2000).

The most important problem associated with mieropropagation is the 

establishment o f  in vitro derived plantlets under outdoor  conditions, which limits 

ilic widespread use o f  the technology. Tissue culture plantlets show certain 

aberrant physiological features which lead to very high mortality due to 

desiccation and microbial infection either during hardening or during transfer to 

Held conditions (Capeltadcs et al., 1990).

2 . 1 PH YSIOLOGICAL FEATURES OF TISSUE CULTURE PLANTS

The tissue culture plantlets w'hen planted out undergo desiccation and 

drying due to poor development o f  cuticle and epicuticular wax on the newly 

emerging leaves, as a result o f  high humidi ty in the culture v essels (Eesham. 

1983), The palisade cells o f  leaf  surface are poorly developed and have 

pronounced mesophyll air spaces (Donelly and Vidaver. 1984). The  plantlets arc 

photomixolropic and have leaves W'ith low chlorophyll content  and low 

photosynthetic rates that impede growth due to poor  organization o f  grana in the 

chloroplasts o f  the in vitro  growing plantlets along with etiolated effect produced 

by ethy lene in the glass vessels (Grout and Aston, 1977; Lee et a!.. 1985). The 

mic ropropaga ted  plant le ts  s how  an impa ired  s tomata l  m e c h a n i s m  (Cape l l ades  

<7 al., 1990) due to which transpiration rates are initially very high, which results 

in willing, necrosis o f  leaves and may include senescence and death of ' leaves and 

plantlets (Preece and Sutter, 1991). A percentage o f  cultures show water soaked, 

almost translucent leaves and exhibits a decline in growth and multiplication



(Debergh et al.,  1981). Lack o f  proper root hair deve lopment  in tissue culture 

plants in general directly affects the absorption of  nutrients and water from the 

soil (Reulher, 1986). These major  physiological delects o f  t issue culture plantlets 

affect uptake o f  water and nutrients from soil and transportation to the shoot 

system tmd the plantlets become more vulnerable to desiccation and wilting and 

also to pathogenic infection (Sivaprasad and Sulochana, 2004).

2.2 DESIRABLE TRAITS OF AMF

Arbuscular mycorrhizal fungi (AMF) are soil fungi which form symbiotic 

association with plants and colonize roots o f  most  o f  the plant families (Smith and 

Read, 1997). Arbuscular  mycorrhizal associations are formed by a group of  

zygomveetous fungi belonging to the order giomales (Morton and Benin , 1690), 

They impart a variety o f  benefits to their hosts, which include increased growth 

and y ield due to enhanced nutrient acquisition (Dicdrichs and Moawad. 1993). 

water relations (Davies et al.,  1993; Subramanian el al.,  1995), pH tolerance 

(Clark and Zeto, 1996) and disease and pest tolerance (Lopez et a l. . 1997).

2.2.1 Improved Nutrient Uptake

flic enhanced plant growth due to mycorrhizal colonization is mainly 

attributed to increased nutrient uptake especially P (Mosse,  1973; Harley and 

Smith, 1983; Jaizme-Vega and Azcon, 1991; Vidal et al., 1992; Joseph. 1997; 

Sivaprasad et al., 1999a; Khaliq et al., 2001; Estrada-Euna and Davies. 2005; 

Sivaprasad and Sulochana, 2004). This is because fungal hyphae spread in the 

soil, increase the absorbing surface available for soil nutrient uptake, which help 

in vffeclive exploration of  higher volume o f  soil for nutrients (Rhodes.  1980; 

Bulan ei al.,  1987). The role o f  A M F  in improving the uptake o f  other nutrients 

iv;:, N (Vidal el al., 1992; LiMin et al., 2002). Cu (Gildon and Tinker. 1983; Li et at..

1691). / u  (Faber ei a l ,  1991; Chen ei a l ,  2003), Ca, K. Mg (Liu et a l .  2002) I e 

(Cans et a l ,  1998). Cd (Guo et a l ,  1996; Gonzalez-Chavcz et a l .  2002). Ni (Guo 

et a l .  1990; Jamal el al .  2002) and U (Rufykiri et al..  2002)  were w ell 

documented.



2.2.2 Improved Water Relations

AMF play an important role in water  economy o f  plants (Safir et a l. . 1 971. 

1972; Al-Knraki,  1998) by improving hydraulic conductivity o f  the root at lower 

soil water potential (Hardic and Layton 1981; Del l ’Amico et a/., 2002; Sanchez- 

lllaitco et al.. 2004; Sivaprasad and Sulochana,  2004). AM colonizat ion allowed 

plants to maintain their water content, water potential and leaf transpiration at 

high levels tSanehe/.-Blanco et a l .  2004; Yano-Melo et a ! . 1999). Jeffries et a t .. 

1200.1) showed that AMF are the most  important microbial symhiuscs.  vvhieh 

under conditions o f  I1 limitation influence plant community development ,  water 

relations and above ground productivity.

2.2.3 Drought Tolerance

AMF association enhances tolerance o f  plants to toxicity and drought 

(Atkinson  and Davidson ,  1972; Guttay,  1976; R u iz -L ozano  et a l.. 1999; 

Davies  et a /., 2002). Mycorrhiza induced drought  tolerance can be related to 

factors influenced by AM  colonization such as improved leaf water and turgor 

potentials (Al-Karaki,  1998; Sanchez-Bianco et a l .  2004). maintenance of  

stomalal functioning and transpiration (Estrada-Luna and Davies. 2003; Sanehez- 

Blanco et a l., 2004), greater hydraulic conductivities and root development  

(Sivaprasad and Sulochana, 2004). AMF treated plants fully recovered plant 

photosynthetic activity under drought  stress (Borrowska,  2002; Sivaprasad and 

Sulochana. 2004). Mycorrhizal colonization was found to improve water use 

efficiency and plant yield in watermelon (Kaya et al., 2003).

2.2.4 Well Developetl Root System

Due to endoinyeorrhizal inoculation, host plant roots have a changed 

morpho logy  by increasing  lateral root  num ber  and root  length (Sche l l enbaum  

el a l., 1991). AMF inoculation stimulates rooting and enhances root product ion of  

plants, which results in better uptake o f  soil nutrients (Berta et a l .  1990; 

Anandaraj and Sarma, 1994a; Thanuja et al., 2002). Guil lemin et at. (1994) 

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



micropropagalcd plants o f  pineapple. AMF colonized micropropagated sugarcane 

plants showed excessive root growth and root dry weight, which results in boiler 

survival o f  these plants (Gosal et a l ,  2001).

2.2.5 Salt and Heavy Metal Tolerance

A M F  can acce lerate  the r evege ta t ion o f  severely de g raded  lands such 

as coal mines  or was te  s ites  con ta in ing  high levels o f  heavy  metals  (Marx.  

1975). A M F assoc ia t ion reduces  impac t  o f  env ironm enta l  s t resses  such as 

salinity (R u iz -L oz a no  et a l., 1996). M ycorrh izae  w'erc found  to amelio ra te  

the toxici ty  o f  t race metals  in po l lu ted soils  (Jamal  et a l., 2002) .  Accord ing  

to Liao et al. (2003) .  G lom us ca led o n icu m  s eems to be a p romis ing  

mycorrh iza l  fungus for b io rem edia t ion  o f  heavy metal  c o n ta m in a t ed  soils.  

AM assoc ia t ions  are repor ted to be presen t  on the roots o f  p lan t s  g row ing  on 

heavy metal  con tam ina ted  soils and  play an impor tan t  role in metal  tolerance 

and accum ula t io n  and isolat ion o f  these  ind igenous  and p re su m a b ly  s tress-  

adapted A M I7 can be a potent ia l  b io technolog ical  tool for  inoculat ion  o f  

plants  for success ful  res torat ion  o f  degraded  ecosys tems  (G au r  and Adhoteya.  

2004) .

2.2.6 Improved Soil Structure

AM liyphae play an important role in erosion control by binding soil 

particles logcther and (bus maintaining soil stability (Miller and Jnsirow. 109(1). 

AMI enhances revegetation o f  degraded soils like mine soils (Plleger et al.. 1994) 

by soil siahilizing (Bcthlenfalvay and Newton,  1991) and plant growth promoting 

effects ( t 'umprubi  ct al. . 1990) o f  AM symbiosis. Rao and Tak (2002)  observed 

that soil inoculation with G. m osseae  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 erosion 

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



2.1 P H Y S I O L O G I C A L  A N D  B I O C H E M I C A I .  C H A N G E S  D L L  TO  AMI 

C O L O N I Z A T I O N  IN H O S T  P L A N T

Suiter (1988) studied stomatal and cuticular water loss durim> 

neeliniaii/nliim in apple, cherry and sweet  gum plantlets and found that in 

acclimatized plantlets. stomatal conductance o f  persistent leaves decreased to 

about half  o f  that in the in vitro  leaves while cuticular conductance remained the 

same. He concluded that increased stomatal closure reduced the conductance. 

The capability o f  in viiro  stomata to adapt to the new environmental  condit ions by 

modifying guard cells during acclimatization enlighten the role of stomata in 

death o f  micro propagated Primus cerasus  plants after their transfer to the external 

environment (Martin el al., 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 superior 

drought resistance o f  these plants (Davies ei al., 1993). The s tomatal  conductance 

was increased by G lom us fa sc k u la iu m  in unimproved genotype of  maize 

(Aguilera-Gomez et al.. 1998), The mycorrhizal plants were more water use 

efficient than non-mycorrhizal plants (Al-Karaki,  1998). According to I fernundc/- 

Sebastia et al. (1999) root colonization by Glom us intraradices  modifies  the water 

status, control o f  water losses and osmotic relations of  micro propagated 

strawberry plantlets under in vitro conditions o f  high humidity, Lndomyeonli i /a]  

(Glomus intrardices) colonization in Chile ancho pepper alleviated low P effects 

by increasing net pholosynthetic rate, stomatal conductance.  P use efficiency and 

decreasing internal C O 2 concentration (Aguilera-Gomez et al., 1999), Micro 

propagated banana plants when inoculated with AMF during acclimatization 

phase show' increased nutrient level, photosynthesis and transpiration rate, water 

potential and stomata! conductance (Yano-Melo et al., 1999). A M F  colonized 

Chile ancho pepper plantlets showed lower abscisic acid and higher  relative water 

content than non-AMF plantlets, during peak plant dehydration (Lstradu-l.unu and 

Davies, 2003). Under drought  stress, mycorrhizal Olea europaea  seedlings 

showed significantly higher photosynthetic and transpiration rates, stomatal 

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



counterpart (Caravaca et a i ,  2003). Higher photosynthetic rate ant! stomata! 

conductance as early as days five and seven after inoculation with AMF than non- 

i n y c o n h i z a l  pl an t le t s  were  no t iced  in Ch i l e  ancho  p e p p e r  ( K s t r u d a -U m a  

and Davies ,  2003) .  R o sm a rin u s  o ffic in a lis  p lan ts  w h e n  inocu la ted  with 

G lo m u s deserticoia  improved photosynthetic activity and slomatal  conductance 

under  water stress when compared to non-mycorrhizal  stressed plants (Sanchez- 

Bianco el a i ,  2004). The photosynthetic activity o f  plants is improved due to 

AMF co lon iza t ion  (S ivaprasad  and  Rai , 1985;  Y a n o - M e lo  a  a t 1999; 

D e lF A m ic o  et a!., 2002; Caravaca et al., 2003;  Sanchez-Bianco et a l., 2004). 

The reduction in stomatal and mesophyl l resistance to carbon dioxide uptake, 

increased chlorophyll content and better hydration o f  plants brought  about by 

AMF colonization favors CO 2 fixation (Sivaprasad and Sulochana,  2004). Root 

colonization by A M F results in increased vegetative growth, total chlorophyll 

content and uptake o f  nutrients by host plant  (Mathur  and Vyas,  1999; Sanchez- 

Bianco et a i , 2004).

Phenolic compounds in plants were considered to be preformed inhibitors 

of  pathogens, which play a significant role in disease resistance (Muhadcvan. 

1970). According to Bhatia et al. (1972) resistance to pathogens has been 

correlated with the phenol  content  o f  roots. The mycorrhizal inoculation has been 

reported to impart  resistance to the host against a  spectrum o f  diseases (Dchne and 

Schonbeck, 1979). Nemec  and Meridith (1981) showed abundance o f  phenols 

especially orthodihydric (OD) phenols in A M F  structures. Mycorrhiza treated 

plantlets showed increased resistance to soil borne pathogens due to higher 

production o f  phenolic compounds including phytoalexins within the plant system 

(Hussey and Rancodori,  1982). Inoculation o f  peanuts with G. Jdsciculatum  

conferred resistance against Sclerotium  rolfsii attack, which was related to the 

higher phenolic content in the host tissue (Krishna and Bagyaraj,  1983), A 

continuous increase o f  total soluble phenols  in arbuscular mycorrhizal  roots of  

Arachis hypogea  was also reported by Krishna and Bagyaraj (1984). 

Histochcmical studies on mycorrhizal plants showed enhanced phenolic 

accumulat ion on groundnut  roots at early stages o f  mycorrhiza formation (Krishna



and Bagynraj, 1986). Sivaprasad and Rai (1987) reported higher activity of  

pliytohonuones like cytokinin and indole acetic acid in plants inoculated with 

AMF. which results in better growth and development . Increased phytohormonc 

activity due to AMF was also reported by Allen et a!. (1982), Barea and Azcon-  

Aguilar (1982). Danneberg et al (1992) and Goicoechea et al. (1995).

Mycorrhizal inoculation resulted in a significant enhancement  of  

percentage o f  colonization, dry matter and phenolic content  o f  sesame plants in 

sterilized soils and this could be due to the contribution o f  AM  fungal structures 

(Sclvuiuj and Subramanian,  1990). Grandmaison et al. (1993) found no qualitative 

difference in the soluble and bound phenolics isolated from non-mycorrhizal 

.U/iiiin trp ti  roots with those from mycorrhizal roots but the mycorrhizal  roots 

showed higher concentration o f  wall bound phenolic compounds.  Binding of  

phenolic compounds  to cell wall could be responsible for the resistance of  AM 

roots to pathogenic fungi, as it results in increased resistance by the cell wall to 

the action o f  digestive enzymes. Increased total phenol content in maize plants 

due to (I. fasciculalum  inoculation has been reported (Chabra and .lalali, 1995). 

The total phenol and orthodihydroxy phenol content o f  tissue culture plantlets of  

jack was significantly increased due to AMF inoculation (Sivaprasad et at.. 

1995a). High phenol content in black pepper  plants was also reported by 

Sivaprasad et al. (2000). AMF colonization alleviated the physiological effects of  

soil phosphate deficiency and induced changes in root phenolics  and then 

regulates the degree o f  mycorrhizal colonization (Ganz el al., 2002).

1 ligher rates o f  amino acids and reducing sugars in the plant  root exudates 

was correlated with enhanced A M F colonization resulting in subsequent  disease 

suppression (Graham et al., 1981). Synthesis o f  new proteins or lytic enzymes in 

pea tissues on inoculation with mycorrhizal fungi hydrolyzed the polymers o f  cell 

wall and was considered as a defense response to invasion by parasitic organisms 

(Maudi  et al., 1988). According to Rao and Rao (1998). total soluble sugar 

concentration was higher in mycorrhizal plants o f  black gram and green gram than 

non -m u  nrrhiza] plants. Boucher  et al. (1999) showed that soluble protein 

concentration was remarkably increased with G lom us elunicutum  colonization in



maize plants. In clover seedlings under  salt stress conditions, the intensity o f  sail 

stress showed a positive correlation with sugar accumulat ion for the plums 

inoculated with AMF (K haled et a l., 2003). Nodulated clover seedl ings inoculated 

with AMF' showed antagonistic interaction while in seedl ings inoculated with 

AMF alone, phosphate nutrition was improved which help in suit tolerance. Both 

types of  symbiosis helped to increase leaf  protein content (Khaled et a i .  2003 ),

2.4 IN I FG RATION OF A M F  TKCHNOLOGY WITH TISSULi CU FTl  JRF

Studies have proved that successful hardening and ex vitro  establ ishment  

o f  micro propagated plantlets could be achieved by inoculation with A M F  at the 

lime o f  planting out (Lovato et a l., 1996). One o f  the earliest reports by Granger 

et al. (1 (h8.1) on the effect o f  AMF (G lom us epigaeum ) on apple clones suggested 

that the growth and leaf  mineral content of  two apple clones propagated in vitro 

were increased substantially with A M F inoculation. The growth o f  in vitro 

cultured strawberry plants were also enhanced due to the association o f  AMF 

(Kiemim et a!., 1984). The rooting o f  plantlets regenerated from callus was 

significantly enhanced by inoculation with G lom us m osseae  (Fogher et a l ., 1986). 

The transplant success and growth o f  Robus idaeus plantlets due to AMF 

inoculation was also reported by Pierik (1987). Mycorrhizal establishment 

significantly improved establishment, growth and mineral nutrition o f  oil palm 

plantlets iltlal and Gianinazzi-Pearson, 1988). The effect o f  A M F  inoculation in 

mieropropagated Populus deltoides  was evaluated and it was found that rooted 

and hardened plants were best suited for AMF inoculation than other stages and 

also a positive response and colonization was obtained in terms o f  active root 

growth lAdholeya and Cheema,  1990). Mieropropagated jack plantlets showed 

increased growth, survival percentage o f  80-100 per cent and increased uptake of  

all the elements except iron as a result o f  AMF association (Kamesh.  1990). 

Mieropropagated banana plantlets inoculated with G lom us m osseae  or Glomus 

monosjtorttm  enhanced plant growth, P and N uptake and biomass production 

(Rizznrdi. 1990). According to Sreelatha (1992) AMF association enhanced 

survival, growth characteristics and uptake o f  nutrients in mieropropagated



nnihurium. Inoculation with AMF seems to be the key factor for subsequent 

growth and development o f  micropropagated plantlets o f  avocado (Vida! et a l .  

1992). Attempt to establish rose plantlets using AMF inoculation was met with 

eonsideiabte success (Wilson,  1993), Inoculation o f  micropropagaled banana 

planllels with Glomus mosseae and  G. geosporum resulted in greater fresh and dry 

weights o f  shoots and higher P and K content (Dederck  et a l .  1994). In vitro 

propagated cherry plants showed better growth and biomass product ion due to 

inoculation with A M F (Lovato et a l ,  1994). Sivaprasad et a l  (1995a)  observed 

enhanced survival rate, growth and phenol activity in AMF inoculated jackfmit  

plantlets. Inoculation with G lom us deserticola  on micropropagated plantlets of  

cassava in the post vitro, weaning stage enhanced per cent survival, tolerance to 

transplanting stress and shoot, root and tuber development  (Azcon-Aguilar  et al..

1997). G lom us constriclum  significantly improved the biomass production, 

nutrient uptake and acclimatization o f  in vitro  plantlets o f  Zizyphus m auritiana  

into the field (Mathur  and Vyas. 1999). Banana plantlets inoculated with 

mvcorrhi / .ac  du r in g  the wean ing  s tage o f  m ie rop ropa ga t ion  p roduced  a 

more  ef f icient root  system for the uptake  o f  phospha te s  and other  nu tr ients  

(Severn  llllis, 1999). Applicat ion o f  G lom us e tun ica tum  on micropropaga ted  

Haptisia iinctoria  promoted plant survival which is o f  particular interest in the 

propagation o f  pharmaceutically important clones (BK 36. BK 37) as the higher 

survival tales would make commercial  plant product ion economical ly  feasible 

((imlkiis et a l., 2000). Micropropagated A llium  sativum  plantlets inoculated with 

Glomus m osseae  exhibited better grow'th than control plantlets under  ex vitro 

conditions (Lubraco et a l., 2000). G lom us fasciculatum , G. etunicatum  and a 

native G lom us sp. inoculation on tissue culture plantlets o f  banana showed that 

AM colonization significantly increased the establ ishment  rate, grow'th. vigour 

and biomass product ion during acclimatization and after t ransplant ing to pots 

a long with remarkable increase in P and Zn content due to G. fasciculatum  

colonization (Sivaprasad et a l., 1999b). A  significant increase in growth, vigour 

and biomass production during acclimatization and after t ransplant ing to pots was 

observed in tissue culture plantlets o f  alocasia when inoculated with G lom us sp.



and I/. /asciculatttm  (Sivaprasad et a l., 1999a). Yano-Mclo cl al. (1999) also 

lound that mieropropagated banana plantlets inoculated with A M F had greater 

height, leaf area and fresh weight o f  shoots and roots, as well as higher rates of  

photosynthesis  and transpiration than control plantlets, A M F  inoculation 

increased  the n u m b e r  o f  runners  and d a u g h te r  pl an ts  in m i e r o p r o p a g a te d  

s t r awber ry  pl an ts  than  con tro l  p lan t s  a lo ng  with s ig n i f i c a n t  increase  in N 

and I’ con ten t  in d a ugh te r  p lan t s  (A la rc on  et a l ., 2000) .  Ino cu la t i o n  with 

G lom us m a n ih a tis  inoculation significantly increased plant growth,  root growth 

and nutrition o f  mieropropagated cassava plants and also increased the field 

adaptability o f  plants, especially in. marginal  soils (Calderon et a i .  2001). 

According to Gosal et al. (2001) A M F  infected sugarcane plants had better 

survival and excessive root growth upon transfer to soil. Taylor  and Harrier 

(2001) reported that AMF improves mineral nutrition o f  mieropropagated 

strawberry plants. Under drought stress conditions, AMF treated mieropropagated 

plantlets o f  strawberry fully recovered their photosynthetic activity when watering 

was restored when compared to non inoculated plants (Borrowska, 2002). 

Flanlleis o f  coffcc inoculated with G lom us clarum  increased plant height, leaf  pair 

number, root number and also exhibited significant difference in enzymatic 

activilics than un inoculated plants (Fernandez et al., 2002). Cultivars of  

micrnprnpagaled banana showed high relative mycorrhizal dependency (RMD) 

values and also high N, P and K contents (Jaizme-Vcga et al. 2002). 

Micrnpinpagatcd taro plants after inoculation with A M F  showed increased 

survival rate, contents of  N,  P, K, Cu and Zn in tissue o f  roots and  leaves (LiMin 

el a l , 2002). Zeleznik et al. (2002) observed that transfer o f  mieropropagated 

plantlets o f  yellow gentian into sterile substrate with mycorrhiza! inoculum 

produced higher number o f  shoots that survived compared to transfer to sterile 

substrate with sterile mycorrhiza or into sterile substrate without  mycorrhiza. 

Growth and development  were faster in mycorrhiza treated Echinacea pallida  

plantlets than in non treated ones and the presence o f  well formed arbuscules and 

vesicles in infested roots in addition to 90 per cent success in the survival rate of  

vigorous plants indicated that mycorrhizatton is a valuable tool to overcome



P.ehhuueu acclimatization shock (Lata et a l., 2003). (iigasporu  m arpan tu  

promoted growth ,  mineral  nutr i t ion and mycorrh iza l  co lon iza t ion  o f  

mic ropropaga ted  banana plants in different stages o f  rooting (Lins et al., 2003). 

Micropropagated seedlings o f  banana when inoculated with G ipas para  mar p a n  fa 

in the acclimatization phase resulted in high mycorrhizal colonization and 

increased grow'th (Trindade et al.. 2003). AMF inoculated micropropagated Chile 

ancho pepper plantlets had greater transpiration rates, pholosynthelie rales, leaf 

chlorophyll content, leaf elemental N, P and K content, leaf  dry biomass, leaf area 

and fruit production when compared with non AMF plantlets (Kstrada-l.una and 

Davies. 2003).

2.5 CR( )P RLSPONSF TO A Z O S P IR IIL U M

Plant growth promoting rhizobaeteria like A zospiriilum  were known to 

contribute significantly towards plant establishment, growth and disease tolerance,

I lie beneficial effect o ( Azospiriilum  on plant  growth is by way o f  associative N 

fixation, capability to produce plant growth hormones and their effect on root 

morphology (Okon. 1985). A zospiriilum  inoculated plants showed increase in 

number o f  lateral roots with dense root hairs, root volume and root dry weight 

(Dcvvan and Rao, 1979). Inoculation with Azospiriilum  could induce rooting in 

black pepper cuttings (Govindan and Chandy,  1985). Inoculation with 

Azospiriilum  increased root development , growth and biomass product ion in crop 

plants in the nursery and field (Hadas and Okon, 1987). Azospiriilum  inoculation 

increased root length, root dry weight and total leaf  area o f  tomato plants (Hadas 

and Okon. 1987), root growth, root volume, plant height, girth and number of  

leaves o f  bhindi (Parvatham et al., 1989). Govindaswainy et al. (1992)  reported an 

increase in total grain yield and straw yield o f  rice due to A zospiriilum  

inoculation. Inoculation o f  Azospiriilum  in cabbage gave significantly higher yield 

Ilian uni rented control (Jeevajothi et al., 1993). Significant increase in plant 

height, stem girth, root length and root weight was recorded due lo in o c u la t io n  

with Azospiriilum  hrasilense in coffee seedlings (Swarupa.  19 00) .  S e e d  

inoculation o f  Azospiriilum  hrasilense in wheat  plants increased the leaf area.



chlorophyll concentration, nitrate reductase activity, total biomass production and 

grain yield com pared  to unt reated control  (Panwar  and S ingh ,  2000) .  A b i l i t y  

ol A zo sp ir illu m  to fix N  has  been  conf i rmed  by many workers  

{Lakshinikumar i  ei a l ,, 1976; Okon el al.. 1976). The nitrogen fixation o f  the 

bacter ia  was found to be in the range  o f  20-24  m g  N g ' 1 o f  ca rbon  source 

(Okon e t  al.. 1976). Azospirillum  strains produce phytohormones such as IA A .  

gibbcrdl in  and cytokinin like substances, which play an essential role in 

Azospirillum  plant interaction (Tien et al., 1979). The phylohormones induced 

root hair multiplication, shortening and thickening o f  mots  in monoxenie  cultures 

f 111 i i ; 11 i -1 iarcia, 1978), Varma (1995) observed that A zospirillum  isolates from 

pepper produced maximum quantity o f  IAA equivalent to 69 pg  m f ! The 

combined inoculation of  selected native A M F  cultures and A zosp irillum  isolates 

in ehill\ plants improved growth and suppressed damping o f f  disease. Lven 

though Azospirillum  had no direct effect on disease suppression, dual inoculation 

o f  AMF and Azospirillum  could suppress the disease (Kavithu. 2001). 

Incorporation oi' Azospirillum  bioformulation increased root and shoot growth, dry 

weight and total N o f  both vegetativeiy propagated plants and seedl ings of' tea and 

also produced growth hormones like IAA and GA 3 in soil (Baliah et al., 2003).

2.6 INI I IK ACTION OF A ZO SP IR ILLU M  WITH AMF

Pacovsky et al. (1985) reported synergistic interaction between AMI- and 

Azospirillum  in many crop plants, which leads to further increase in plant grow tit 

characteristics. Soil inoculation with G lom us mosseae and G. fascivitlalum  along 

with Azospirillum  hrasilense  produced significantly higher dry matter production 

and grain yield in barley (Rao et al., 1985). Inoculation o f  sweet  potato cuttings 

with AMF and Azospirillum  significantly increased the growth,  plant N and P 

content, tuber weight and starch content  (ICandasamy et a l.. 1988). Dual 

inoculation o f  maize with A. brasiliense  and G. fasciculalum  significantly 

increased plant growth, yield and dry matter (Sreeramulu et al.. 1988). Combined 

inoculation o f  Azotohaeier. Azospirillum  and AMI'  in black pepper  resulted in 

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



and Khadcr, 1989). Inoculation o f  G igaspora m argarita  and //. hrasilense  in 

coffee seedlings resulted in increased shoot length, root length, total dry weight 

and uptake o f  N, P and micronutrients such as Fe. Cu. Zn and Mn (Kumari  and 

Balasubramanian,  1993), Murumkar  and Patil (1996) found that combined 

inoculation o f  AMF and Azospiriilum  gave the highest yield o f  19.1 t h a ' 1 in bell 

pepper. Dual inoculation o f  A M F  and A. brasiliense  increased the growth, yield 

and oil content o f  palmarosa significantly over uninoculated control (Neelima and 

.hinardlianaii. 1996), Kennedy and Chellapillai (1998) found that combined 

inoculation o f  AMF and Azospiriilum  showed increased height, total dry weight, 

AMF colonization and total N and P uptake in Shola tree species. Growth and 

nutrient content o f  black pepper  cuttings W'ere significantly higher  when 

inoculated with G lom us sp., Azospiriilum  and phosphobacteria (Kandiannan et al.. 

2600). The importance o f  biofertilizers such as AMF and Azospiriilum  in 

improving the supply and availability o f  nutrients in varying cropping systems of  

India has been explained by Pande and Gupta (2000).

2.7 A /.O S r iR IL L U M  IN TISSUE CU LTU RE

Not much attempt has been made so far to make use o f  Azospiriilum  in 

micro pro pa gat ion. A preliminary study conducted in banana and a 1 ocas i a 

plantlets with A M F and Azospiriilum  inoculation showed better survival, growth 

and vigour of  plantlets during hardening (Sivaprasad et al., 1998).

3.8 F L U O R E S C E N T  P S E U D O M O N A D S  FOR C R O P  G R O W T H  A N D

III Al. I ll

Plant growth promoting rhizobaeteria such as fluorescent pseudomonads 

,ne known to contribute significantly towards plant establ ishment , growth and 

disease tolerance o f  crop plants (Suslow and Schroth, 1982). The use o f  PGPR as 

hinlerli li /ers lor growth promotion o f  crop plants is gaining much attention. 

Fluorescent  p seudom onads  may p romote  plant  growth  by p roducing  

p hy tohorm ones  like auxins  and  gibbere lf ins  (Lopcr  and  Schro th ,  1986). Barea 

et al. (1076) obtained 17 isolates o f  Pseudom onas fluorescence, which produced 

(AA. gihherellins and cytokinins. Enhancement  o f  plant growth has been



attributed to yellow green, fluorescent siderophorcs produced by fluorescent 

pseudnmonads {Kloepper et al., 1980a). The growth promotion o f  winter wheat 

was achieved by treating with several strains o f  Pseudom onas  spp. in green house 

and field conditions (Defreitas and Germida. 1992). Rangheswaran and Prasad 

(2000) reported increased grow th  in ch ickpea seeds treated w ith  P. fluorescence. 

f luorescent  pseudomonads are known to produce considerable quanti ty of  growth 

ho rmones  that helps  in the g rowth  and root  d e v e lo p m e n t  o f  crop plants  

( l l ce ia .  2002) .  Anandaraj  et al. (2003)  reported that  app l i ca t ion  of' 

rh izobaete r ia  (P. fluorescens  and Bacillus) and Trichoderm u harziam tm  resulted 

iu significantly enhanced growth o f  black pepper, which resulted in increased 

number o f  nodes and cuttings.

f luorescent  pseudomonads are recognized as effective biocontrol agents 

against most o f  the fungal and bacterial plant pathogens (Howell and Stipanovic. 

1979; l.ifshitz et al., 1987; Laha and Verma,  1998; Rangheswaran and Prasad. 

2000). They can suppress many plant diseases due to their genera! biological 

activities including competit ion for space and nutrients (Rosales et al.. 1995). 

production o f  volatile and antimicrobial substances such as iron chelating 

siderophores and HCN (Raaska et al., 1993; Dave and Dube, 2000;  Mondal  et al. 

2000), inhibition o f  ethylene synthesis (Glick et al., 1994), production of  

antibiotics (Schinder et al., 1994; Anith et al., 1999), mobil ization of  P (Defreitas 

ei al.. 1997) and production o f  growth stimulating phytohormones (Arsluid and 

frankenhcrgcr,  1998). Besides suppression o f  plant diseases by these 

mechanisms, fluorescent pseudomonads induce systemic resistance in plants 

against attack by a wide range o f  pathogens (Ramamoorthy et al.. 2001. 

Viswanalhan and Samiyappan,  2002). Pseudom onas fluorescence  isolate PI) 

inhibited mycelial growth of  Pythium  aphaniderm atum  and promoted plant 

growth in tomato and chilly due to higher accumulat ion o f  Phenylalanine 

Ammonia Lyase, Peroxidase and Polyphenol Oxidase in the treated plants 

(Ramamoorthy et a!., 2002). Meenakumari  et al. (2003) also reported that 

[Uioresccnt pseudomonad isolate P| is effective for controlling bacterial will of 

chilli caused by Ra/stonia solanacearum.



2.9 I I I U)RHSCENT I 'SEUDOM ONADS rN TISSUE CU LTU RE

Not much work has been done so far to make use o f  fluorescent 

pseudomonads in micro propagation. Commercial  mycorrhizal inoculants and /■’. 

fluorescence  isolates CI1A0 and IP 10 have been shown to promote growth during 

and al ter weaning stage o f  potato micro plants (Duffy et al.. 1999).

2.10 BIOLOGICAL CO N TR O L OP FOOT ROT DISEASE OF B L A C K  PEPPER

Loot rot or quick wilt disease caused by Phytophlhora capsici Lconian is 

considered as one o f  the major  reasons for low productivity o f  black pepper  in 

Kerala (Samraj and .lose, 1966). This disease affects all stages o f  the crop right 

from the nursery to the main field. The efficacy o f  currently used agrochemicals  

is variable and often not cost effective and undesirable in the health and 

environmental  point o f  view. Presently microbial antagonists are increasingly 

being used for the management  o f  the disease (Sarma et a!., 1996; Sivaprasad.

1998).

I lie beneficial effect o f  arbuscular mycorrhizal association on growth and 

development  o f  black pepper  were reported by many workers (Manjunalh and 

ILigvaiaj. 1982; Bopaiah and Khader, 1989; Sivaprasad, 1995b; Robert, 1998: 

Anandaraj and Sarma, 1994a; Divya, 2002). Anandaraj el al. (1993) observed that 

I lie use of  endomycorrhiza as a biocontrol agent significantly reduced foot rel 

incidence in pepper. The suppressive effect o f  AMF was due to enhanced root 

regeneration, nutrient uptake and altered host physiology in mycorrhizal plants 

(Anandaraj and Sarma,  1994a; 1994b). Sivaprasad et al. (1995b)  got it negative 

correlation between fool rot incidence and percentage o f  mycorrhizal  infection 

and spore count  in black pepper  mycorrhizosphere.  Anandaraj  et al. (1996) 

emphasized the need for using native isolates o f  arbuscular mycorrhiza lor 

reducing the incidence o f  foot rot in black pepper. AMF inoculated black pepper 

cuttings when planted in a diseased field there was significant reduct ion of  disease 

incidence in mycorrhizal plants (16.5 per cent) as compared to control (28.5 per 

cent) (Dare, 1996). AMF enhanced rooting in black pepper  cuttings and 

compensate  root damage by fool rot pathogen (P .capsici) (Sarnia et al.. 1996).



Black pepper plants inoculated with Glom us m onosporum  had 110 mortality till 

•H)"1 day and in inoculated plants there was also an increase in biomass production 

(Robert. 1998; Sivaprasad el al., 2000). A  similar result was also reported by 

Thanuja and Hegde (2001) in pepper after inoculation with G lom us fa se icu la tum .

Fluorescent pseudomonads were effective in checking the growth of  

Phytophthora capslci and suppressing the expression o f  foot rot symptoms in 

black pepper  under controlled conditions (Sarma et al., 1996). Exhaustive studies 

were conducted for the control o f  soil borne diseases using fluorescent 

pseudomonads and reported effective suppression o f  many pathogens 

(Rangeshwaran and Prasad, 2000). Varshney and Chaube (2000)  also reported 

that / ’. fluorescens  was more effective in growth promotion and disease 

suppression when it was applied along with AMF. Pseudom onas  isolates, PN-0I5 

and I’N -026 colonized the planting material o f  black pepper  and offered 

protection from P. capslci induced nursery wilt (Anith el al., 2002). Fluorescent 

pseudomonad isolates Ifi and isolated from rhizosphere soils o f  black pepper 

were found to be effective in reducing foot rot incidence and mortality o f  black 

pepper plants from 100 per cent recorded in control to 25 and 6.25 and 56.25 and 

18.75 per cent respectively and their effect on growth and root development  was 

also significant (Sivaprasad et al., 2003). Foot rot affected black pepper  plants 

treated with fiuorescent pseudomonad.  Pseudom onas pu tidu  strain 89B61 showed 

dual funel ion o f  disease suppression and growth promotion (Nair, 2003).

Eventhough Azospiril lum was reported to suppress damping o f f  disease in 

chilly (K avilha, 2001), no work was reported so far against foot rot disease in 

black pepper.

2.11 INOCULUM PR ODUCTION OF A M F

Arbuscular  mycorrhizal fungi (AMF) are obligate symbionts and must  be 

grown in (he presence of  a living host plant (Habtc, 1990) or at least with host 

roots.  An effective AM fungal inoculum should promote economically significant 

grow th, free o f  pathogens and contaminants and should be economically produced 

and formulated with sufficient shelf life. The most common  techniques used for



inoculum production are soil based inoculum production, soil less substrate based 

inoculum production, hydroponic and aeroponic culture (Mossc and Thompson,  

1984;  Jarstfer and Sylvia, 1994). In almost  all these techniques, the inoculum gets 

mixed with pathogenic and saprophytic microorganisms.  The quality o f  AMF 

inoculum produced is very important in tissue culture use. Several unsuccessful 

attempts have been made to culture the organism under  in vitro  condit ions using 

different media (Raman and Sambandan, 2000; Raman et a /., 2001). Typical 

AMF infections can be produced in entire plants grown axenically in agar media 

(Mosse,  1 962), Mosse and Hepper  (1975) obtained AMF infections in clover root 

organ cultures grown in modified White’s tissue culture medium containing 

sucrose. Axcnic culture o f  AMF was obtained in plants grown in agar media 

(Allen et a /., 1979}, sand culture (St. John et al., 1 9 8 1 )  and in flowing solution 

culture (Me Donald, 1981). However, attempts made lo make use o f  transformed 

root culture technique using Agrohacterium  rhizogenes  for the AMF inoculum 

production under aseptic conditions met  with considerable success  (Mugnier  and 

Mossc. 1987; Becard and Fortin, 1988; Chabot  et al., 1992; Pot ty. 19 9 8 ;  Khalit] 

;uni Bagynraj. 2000; Potty, 2001; Tiwari and Adholeyu, 2002).

2 .1 1.1 Transformed Root Culture Technique for A M F Inoculum Production

The pathogenic condition known as ‘hairy root’ is caused on the host plant 

by Agrohacterium  rhizogenes (Rikes et al.,) Conn. (Ark and Thompson.  196!}. 

Fhe bacterium infects the sensitive host plant and s timulates excessive 

proliferation o f  roots (Chilton et a l ,  1982) by transferring root inducing Ri T- 

DNA to plant (Schenk, 1982). Becard and Fortin (1988) developed an in vitro 

system using Ri T-DNA transformed carrot roots and vesicular  arbuscular 

mycorrhizal fungus, Giga.spora m argarita  to study the initial events of  

inycorrhiza formation. Mugnier  (1987) could obtain typical infections of  

Polymy.xa hetae  and Plasm odiophora brassicae  in root organ culture o f  their host: 

Pet a vulgaris or brassicae, containing the root inducing transferred DNA o f  

A. rhizogenes. Becard and Piche (1990) studied the physiological factors 

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



I rans lo n n a !  roots and found that sugar beet roots lack lac tors that promote 

mycorrhizal infection. In addition to G. m argariia  and G. m osseae, other species 

of  AMF that have been cultured in t ransformed roots are G. in traradices  (Chabot 

el u l., 1992), G. g igunlea  (D ouds  and Becard, 1993). Leu et al. (1994)  obtained in 

vitro spomiation o f  AMF, G igaspora gigantea  and G lom us m osseae  by dual 

culture with carrot Ri T-DNA transformed root and tomato root culture. Deelerck 

ct at. (1996) and St. Arnaud ei al. (1996) also reported in  vifro  culture of  

G. versiform e and G. iniraradices in t ransformed roots. 13i Yin Li ei al. (1999) 

studied the morphological  characters o f  AM symbiosis between A M I ’ and 

t ransformed Ri T-DNA carrot roots. Karandashov et al. (1999)  investigated tire 

pre requisites for in vitro culture o f  A M F together with plant hairy roots. 

I’awloska ct al. (1999) reported the establ ishment  o f  monoxenic  cultures of  

G lom us et unicat urn in association with excised Ri T-DNA transformed carrot 

roots. Khiiliq and Bagyaraj (2000) also succeeded in making use o f  t ransformed 

root culture technique using A. rhizogenes for AMF inoculum product ion under 

aseptic conditions. Dalpe and Deelerck (2002) for the first time, successfully 

grew a strain o f  Acaulospora rehm ii in vitro  in Ri T-DNA transformed carrot 

roots al lowing the in situ  observat ion o f  A caulospora  spore deve lopment  and 

extra radical thin wal led hyphal swellings. The method by which root organ 

cultures (transformed and non t ransformed) have been obtained, together with the 

choice o f  host species, inoculation techniques and culture media  and also the 

considerable impact that in vitro  root organ cultures have had on studies of  AMF 

morphology, taxonomy and phylogeny was described (Fortin et al., 2002), Tiwari 

and Adholeya (2002) reported successful co culture o f  two genera o f  AMF.

( ilomus iniraradices  and G igaspora m argarita  under in vitro  condi tions using Ri 

T-DNA transformed carrot roots. Various stages in the product ion o f  hairy roots 

in a lesser known tuber crop, Vigna vexillata  using Agrohacterium  rhizogenes 

Al'C'C 15834 strain for culturing mycorrhizal fungi was reported by 

I'ratnpcliuiKlran and Potty (2004).



3. M AT ERIA LS AND M E T H O D S

The present investigation on integration o f  microbial  inoculum 

technology with micro propagation  o f  black pepper (P iper nigrum  I,.) and attempt 

to standardize the production o f  arbuscular  mycorrhizal fungi (AMF) in 

Agrohacterium  rhizogenes mediated t ransformed root culture was done at College 

o f  Agriculture, Vellayani during 2002-2004. The materials and methods involved 

in the investigations are given hereunder.

3.1 EFFECT OF MICROBIAL INOCULANTS ON SURVIVAL AND GR OWTI  1 

OF MICRO P R OPA GA TED BLACK PEPPER PLA NTLETS

Tissue culture plantlets o f  black pepper  cultivar Panniyur-4 developed in 

the Tissue Culture Laboratory, Department  o f  Plant Biotechnology. College of  

Agriculture, Vellayani were used for the entire study. The nodal segments  and leaf 

segments from selected source plants were used as explants. They  were surface 

sterilized and cultured in culture establ ishment  medium (Half  strength MS 

medium supplemented with growth regulator, BAP) (Murashige and  Skoog.  1962) 

(Appendix 1). After callus induction the cultures were transferred lo multiplication 

medium (Half  strength MS medium with 1 ppm each o f B A  and 1AA) (Murashige 

and Skoog. 1962), which enhanced the release o f  axillary buds. For in vitro 

rooting, the cultures were transferred to rooting medium (Half  strength MS 

medium with 1.5 ppm of  1BA) (Murashige and Skoog. 1962). These plantlets were 

used I'm planting out, when they produced two to three roots in the rooting 

medium in three weeks period. Microbial inoculants such as native mixed 

inoculum o f  AMF containing isolate o f  Glomus fasc ic ida tum . Glomus 

m onosporum  and Glom us s p A z o s p ir i i lu m  hrasilense  isolate No.  A/.R 37 and 

Pseudom onas fluorescence  isolate No. PI obtained from the microbiology section. 

Department o f  Plant Pathology, College o f  Agriculture. Vellayani were used lor 

the entire study.



3.1.1 A M F Inoculum Production and Application

Guinea grass (Panicum m axim um  Jacq.) colonized with selected native 

cu l tures  o f  A M  fungus was grown in sterilized vermiculite- perlite (16:3 :1  w / \ v )  

soi l  lor four months. The vermiculite- perlite mixture containing mycorrhizal

spores, colonized  root segm ents  and  hyphae  served as m ycorrh iza l inoculum. The 

clihimydospores o f  AMF present in the vermiculite-based medium were isolated 

following wet sieving and decant ing method o f  spore isolation (Gcrdemann and 

Nieolson. 1963). The  medium was made into a  suspension with sufficient quantity 

o f  water. The suspension was then passed through a series o f  sieves ranging from 

1000, 300, 250 and 105 pm  kept one below the other in the same order. The spore 

suspension in the bot tom two sieves was collected in a beaker. The count in the 

suspension was estimated by transferring one ml o f  the suspension in a nylon 

mesh (45pm) and scanned under  slereomicroscope. The spore suspension was 

then mixed with vermiculite so as to obtain 50 spores per gram vermiculite as 

viable count. This served as A M F  inoculum along with colonized roots o f  guinea 

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

3.1.2 Azospirillum  Inoculum Preparation and Application

Nitrogen free bromothymol blue medium (NFB) (Baldani and Doberciner. 

1980) (Appendix I) was inoculated with a loop full o f  48 hour  old A zospirillum  

isolate A / R  37 and incubated at 28 ± 1 °C for seven days. The full -grown culture 

was mixed with sterilized lignite powder  to a moisture content o f  35 per cent 

under aseptic conditions. The formulation had 1010 viable cell count  per gram and 

this was used as Azospirillum  inoculum.

3.1.3 Pseudomonas Inoculum Production and Inoculation

King's B broth (King et al., 1954) (Appendix I) was prepared and sterilized 

and inoculated with a loop full o f  24-hour-old Pseudom onas  f luorescence isolate 

P-l and incubated al a temperature o f  28 ± 1 °C for seven days. After  seven days, 

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



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



under aseptic conditions. The preparation had a populat ion o f  It)12 cells per gram 

as viable count and used as inoculum for the study.

3.1.4 Planting Out o f  the Black Pepper Plantlets and Inoculation with

Microbial  Inoculants

The rooted tissue culture plantlets o f  black pepper  developed in the Tissue 

Culture Laboratory, Department  o f  Biotechnology were taken out  from the culture 

vessel without injury using forceps and washed repeatedly in sterile distilled water 

in a beaker to remove adhering pieces o f  tissue culture medium  (Plate I). Small 

plastic containers o f  7.5 x 6 cm size were filled with sterile sand for planting out 

the plantlets. In treatments requiring A M F  inoculation a portion o f  the planting 

medium (sterile sand) was removed from the surface o f  the pot. Then mycorrhizal 

inoculum containing one gram o f  vermiculite based mixture and two gram o f  root 

hits were placed as a layer over the planting medium over which the plantlets were 

placed and filled with sterile sand to cover the root region o f  plantlets. Similarly 

wherever treatments required Azospiriilum  inoculation a thick suspension of  

lignite based A zospiriilum  inoculum (A zospiriilum  culture and water in 1:2 ratio 

hv'v))  was prepared and the roots o f  plantlets were dipped in the culture slurry for 

15 ruin before planting out. The method followed for A zosp iriilum  inoculation 

was adopted for the inoculation with Pseudom onas  also. In t reatments  requiring 

both A zospiriilum  and Pseudom onas inoculation, A zosp iriilum  treatment was 

given first following t reatment with Pseudom onas . After plant ing the remaining 

slurry o f  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 

treatment.

Treatment combinations

1. AMF alone (M A qPo)

2. Azospiriilum  alone (MoAPo)



3. Pseudom onas alone (MqAqP)

4. Control (MnAoPo)

5. Azospirillum + Pseudom onas  (MqAP)

<Y AMF A Pseudom onas  (MAqP)

7. NM F+Azospirillum  (MAPo)

8. A M F+A zospiri!Ium +Pseudom onas  (MAP)

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

shifted to a shade house.

Observat ions on survival rate, growth characters such as shoot length, 

number o f  leaves, number  o f  branches and leaf area were recorded for a period of  

three months during the hardening period.

J. 1.4.1 Survival Rate o j Plantlets

I lie survival rate o f  black pepper plantlets during hardening period was 

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

Total number o f  plants survived
Survival percentage = —--------------------—--------------------——  ------ x 100

Total number o f  plants in each t reatment

J. 1.4.2 Height o f  Plantlets (mm)

The height from the ground level to the growing tip o f  each piantlet was 

measured and recorded at 30 days interval.

3. 1.4.3 Number o f  Leaves

The total number  o f  fully opened leaves developed per piantlet was 

counted and the mean value was recorded.

3 .1.4.4 Number o f  Branches

The total number  o f  branches developed per piantlet was counted and the 

mean value was recorded.



A. 1.4.5 L eaf Area (cm2)

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

counting the number o f  unit squares.

3.1.5 Estimation o f  percentage Mycorrhizal  Colonization

The percentage mycorrhizal colonization in the root samples o f  black 

pepper 30 days after planting out  was estimated following the procedure o f  Philips 

and I layman (1970). The root samples  W'ere cleaned free of  soil particles, cut into 

one cm hits and fixed in FAA (Formaldehyde: Acetic acid: Alcohol  in 5:5:00 

proportion) for one day. The roots were then autoclaved for hydrolyzing with 10 

per cent potassium hydroxide solution at 1.02 kg cm'2for 3 5 minutes. The 

alkalinity o f  the samples was then neutralized with one per cent hydrochloric acid. 

Staining was clone by s teaming the root bits in 0.05 per cent trypan blue solution 

in laclo phenol reagent (lactic acid- 20 nil, phenol- 20 ml, glycerol- 40 ml and 

distilled 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 o f  mycelium, vesicles and 

arbusettles of  AM fungi. The AMF colonization percentage was calculated from 

the formula given below'.

Number of  root bits positive tor AMF colonization
AMF colonization percentage = —-------—----------        xl()()

Total number of  root bits observed

3.2 EFFECT OF MICROBIAL INOCULA NTS ON PHYSIOLOGICAL AND 

BIOCHEMICAL CH AR ACT ERS OF MIC RO P R O PA G A TED  BLACK 

PEPPER PLANTLETS

The plantlets were subjected to studies on physiological characters such as 

relative water content (RWC),  stomatal conductance and leaf  temperature. 

Biochemical characters such as total phenol content, orthodihydroxy phenol 

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



3.2.1 Stomatal  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 

c m ' 1, '( lie stomatal conductance was calculated from the formula

1
Stomatal conductance= ——--------- -------- ------- and expressed in cm s_i

Stomatal resistance

3.2.2 Leaf  Temperature

l ea f  temperature was measured directly using a porometer  (Delta T 

dcvtecs-t  ambridge-UfC) at 15 days interval and the reading was expressed in

3.2.3 Relative Water Content  (RWC)

f resh  weight o f  leaf  samples were taken and put in water  in watch glass 

for 3 hours. After that leaf  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 o f  90-100 °C for two days and dry weight  was taken. The R W C was 

calculated based on the formula,

f re sh  weight - Dry weight
  — — -------  —  x 100
Turgid weight - Dry weight

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

One gram of  leaf sample was ground in 10 ml 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 t imes the volume o f  80 per cent  ethanol and 

centrifuged. The supernatant was saved and evaporated to dryness. The residue 

was dissolved in 5ml-distilled water, Folin-Ciocalteau reagent (0.5 ml) was added 

and 2 ml o f  20 percent sodium carbonate solution was added to each tube alter 

three minutes. This was mixed thoroughly and the tubes were placed in a boiling 

water bath lor exactly one minute. This was cooled and was measured at 650 nm 

in a spectrophotometer  (Systronics UV-V1S Spectrophotometer  118) against



reagent blank. Standard curve was prepared using different concentrations of  

eateehol and expressed in catechol equivalents as pg g 1 leaf t issue on fresh w eight

I'as I s.

3.2.5 l.xllmiition o f  Ortho Dihydroxy Phenol (Johnson and Schaal ,  1957)

Thiee grams o f  leaf sample was boiled for five minutes in 12 ml o f  80 per 

cent ethanol. After cooling, the tissue was ground using a pestle and mortar and 

the liomogeiiate was centrifuged (Hettich, EBA 12/2 R) at 10,000 rpm for 20 

minutes. I iie supernatant was saved and the residue was re extracted with 80 per 

cent ethanol and centrifuged again. The supernatant was collected, pooled and the 

final \u lm nc  W'as adjusted to 15 ml with 80 per cent ethanol. One ml o f  0.5 N 

I K.’l. one m! o f  Arnon’s reagent and two ml o f  IN N aO H were added to one ml of  

the extract and the volume was made up to 25 ml with 80 per cent ethanol. Hie 

absorbance was measured at 540 nm in a UV-VIS spectrophotometer  (Syslronics 

IJV-VIS Spectrophotometer 118). A standard curve was prepared using different 

concenhnl ions o f  catechol (30, 40, 50, 60,70 and 80 pg) and ortho dihydroxy 

phenol content was expressed as catechol equivalents per gram fresh weight of  

leaf.

3.2.6 Estimation of  Total Soluble Protein (Bradford,  1976)

( iiie gram of  leaf sample was homogenized in 10 ml, 0.1 JV1 sodium acetate 

bul let i pi I 4.7) and centrifuged al 5000 rpm for 15 minutes  at 4 !,t \  The 

supernatant was saved for estimat ion o f  soluble protein. The reaction mixture 

eousistui  o f  0.5 ml cn /yme extract, 0.5 ml distilled water and 5 ml o f  diluted (5 

liinesi ibe  solution {(.'oomassie brilliant blue G250). The absorbance was read at 

595 nm in a spectrophotometer  (Systronics UV-VIS Spectrophotometer  118) 

against leugent blank. Bovine serum albumin was used as tbe protein standard, 

flic protein content was expressed as pg albumin equivalent  o f  soluble protein per 

gram on fresh w'eiglit basis.



3,2.7 I1 silinuition of  Total Carbohydrate (Hedge and Hofreiter, 1962)

I ulul carbohydrate contenl was estimated by Anlhrone method.  Samples of  

I 00 iiij.i each were weighed out and hydrolyzed with live ml o f  2.5 \  hydrochloric 

acid ( I H I) at 100 "( '  in a water bath. The hydrolyzatc was neutralized with solid 

sodium carbonate mill! the effervescence ceased. The volume was made up to 100 

ml and centrifuged at 5000 rpm for 15 minutes, f ro m  the supernatant  0.5 ml 

aliquot was taken and made up to 1 ml by adding distilled water. To this four ml 

o f  anlhrone reagent was added and heated for e ight minutes at 100 °C in a water 

hath. I his was cooled rapidly and absorbance was measured al 630 nni in a 

spectrophotometer  (Systronics UV-VIS Spectrophotometer  118), Amount  of 

carhohydrate was calculated from standard graph prepared using glucose and 

expressed in terms o f  mg o f  glucose equivalent per gram o f  leaf tissue on fresh 

weight basis.

1.3 I < >1 T R A N C E  TO FOOT ROT PA THOGEN

Another experiment  was set up as described in the experiment  5.1 to study 

the cllci t o f  AMF. Azospirillum  and Pseudom onas on suppression o f  fool rot 

disease incited by Phytophthora capsici on 60 days after plant ing out. The 

planllels were planted out in polythene bags o f  size 37x25 cm filled w ith potting 

mixture containing sand, soil and FYM in the ratio 1:2:0.5. The inoculum 

preparation and inoculation o f  microbial inoculants to plantlets were done as 

described in experiment  3.1. Artificial inoculation with P. capsici was done to 

incite the disease. The per cent disease incidence and mortality were recorded on 

I 0. 20. 30. 40. 50 and 60 th day o f  inoculation with pathogen in order  to assess the 

disease tolerance i f any, due to bio inoculant colonization .The eight treatment 

com In nations in experiment  3.1 was included in the study conducted in CR D with 

12 replications.

3.3.1 Isolation o f  Pathogen

I he pathogen inciting foot rot disease in black pepper was isolated from 

infected black pepper plants collected from College o f  Agriculture. Vellavani.



Small pieces o f  infected leaf  and vine were initially surface sterilized vvitli 0.1 

percent mercuric chloride 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 o f  mycel ium 

from iiiteeled leaf and vine bits were aseptically transferred to sterile slants o f  

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

3.3.2 Muss Multipl ication and Inoculation of  Pathogen

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

f.d.2. /  Sand Oatmeal Medium

I lie medium was prepared by mixing washed fine while sand with oatmeal 

m the rai in 19:1 (wAv). Sufficient quantity o f  water was sprinkled and mixed 

thoroughly to keep the medium moist. The 250 g mixture was sterilized in one 

litre conical flask at 121 °C for two hours. Actively growing culture hits o f  the 

pathogen were aseplically transferred into the flask and incubated al 25- 30 t;( ’ for 

15 day s I lie culture so multiplied was used for inoculation in the experiment 

iliklei investigation.

J . J . 2 ,2 Inocu la tion  o f the  P athogen

Inoculation o f  the pathogen was done by placing sand oatmeal based 

inoculum in the root region o f  black pepper  plantlets at the rate o f  10 g per 

poly iliene hag. Each plantlet was inoculated and the roots were again covered with 

soil, I lie plants were irrigated regularly so as to maintain a very high humidi ty lor 

providing conducive environment  for the development  o f  the disease and percent 

disease incidence and mortality was recorded.

3.3.3 Assessment of  Foot Rot Infection and Mortality

I’kmllets were monitored regularly for foot rot disease incidence and 

morlalilv alter inoculation with pathogen. The total number  o f  pepper plants



infected and dead were recorded separately on 10,20,30,40.50 and 60 th day o f  

inouilaimn with pathogen and percentage was computed using the following 

formula.

Total no: o f  plants infected (dead)
Infection (M ortality) % - - --------------------------------------------------   x l 0 0

Total no: o f  plants in each treatment)

Cl STANDARDIZATION OF A G R O B A C TE R IU M  RH1ZOGENES- 

I R AN SFO R M ED  R O O T C U LTU RE F O R A M F PR ODU CTIO N 

Host  p lan ts  such  as C u c u m b e r  (C u cu m is  s a t iv u s ), S ty lo san thes  

fS iv lo sd iiilw s  sps.), Pigeon  pea  (C a ja n u s  c a ja n ) t o m a to  (L y c o p e rs ic o n  

escuienium ) and Black pepper (Piper nigrum ) were screened for studying the 

■.cjisiti\il\ to Agrobticlerium rhizogenes infection and root formation. Seeds of  

cucumber, pigeon pea, tomato, stylosanthes and stem bits containing nodes o f  black 

pepper were used tor inoculation. The seeds and stem bits o f  selected host plants 

were sin lace sterilized in 0.1% mercuric chloride and placed in MS medium 

(Muraslugc and Skoog, 1962) (Appendix I) for germination at 25 °C for seven days. 

A. rhizogenes strain obtained from CTCRI, Sreekaryam, was used for induction of  

hairy roots. The bacterial culture was preserved in YEA (Yeast Extract Agar) 

(Appendix I) slants and maintained at 4 °C for the studies. A.rhizogenes  strain was 

grown in YEA medium (Ratnasamy, 1997) in culture plates and incubated at 24°C 

for 24 lo 48 hours and was used for inducing infection, A. rhizogenes  mediated 

I rans forma I ion was done by the method described by Ooms et a!. (1985). Small cuts 

were made on the stem portion of  aseptically grown seedlings/stem bits in MS 

medium using a sterile scalpel, which was touched with A. rhizogenes. The hairy 

root initiation tn the area up to one centimeter above the point o f  inoculation in the 

stem was considered as indication o f  transformation o f  the seedlings/stem bits.

ITc ho.xi plant was selected based on the number and length o f  roots formed alter 

.’4, 48 and 72 hours after inoculation. The transformed secdlings/slem bits were 

Irequenih sub cultured in fresh MS media containing antibiotics cefotaxime (250 

milligram per litre) and umpicillin (250 milligram per litre) to make the hairy



roots Itve from A. rhizogenes. The bacteria free hairy roots were used for further 

studies. I lie hairy roots thus formed through t ransformation were sub cultured and 

maintained in fresh rooting medium (Half  strength MS with rooting hormone. 

[HA) (Murashige and Skoog, 1962). Such roots were inoculated with A M f  and 

A M f  colonization and proliferation was monitored. For inoculating AMF in 

transformed roots, the bacteria free plants in petridishes were planted out under 

aseplie conditions using several media such as sterilized verniiculite. soil rite, 

sand, \ei miculite-pcrlile mix and vermiculiie-sand mix. The plants thus 

established were inoculated with surface sterilized spores o f f / ,  m onospontm . The 

hairy mots were also separated from transformed plants and cultured in rooting 

medium and inoculated with surface sterilized spores o f f / ,  m onosjiontm



RESULTS



4. R E S U L T S

I x peri men is were c o n d u c te d  to s tudy the effec t  o f  i nocu la t ion  with 

tl i ffcicni benefic ia l  m ic r o o rg a n i s m s  such  as a rbusc u la r  m yco r rh iza l  fungi 

( A M f  l P seu d o m o n a s  fiu o re sc e n s  and A zo sp ir iilu m  on s u rv iva l ,  g rowth ,  

es lahl i - .hment  and loot  rot  inc idence  and in tensi ty  o f  t is sue  cu l ture  

plant l e i1; o f  black pepper  in the ha rd e n in g  phase .  Study  w as  also 

conduc ted  to iden t i fy  a pp rop r ia t e  hos t  p lant  for t r a n s f o r m a t io n  with 

A g rtd m e ie r iu m  rh izo g e n e s  for  d e v e lo p in g  root  c u l tu r e  to m ult ip ly  

a rhuse u la r  m ycor rh iza l  fungi.  The  resu l ts  o f  va r ious  s tu d i e s  are  p resen ted  

here,

-I I 1 I I I « ! O f  M I C R O B I A L  I N O C U L A N  TS ON S U R V I V A L  A N D

G R O W T H  O f  M I C R O P R O P A G A T E D  B L A C K  P E P P E R  P L A N T S

lime illation with A M f .  A zo sp ir iilu m  and P. f iu o r e s c e n s  has

in f luenced  the surviva l  ra te  and p lan t  g rowth  c h a rac te r i s t i c s  such as plant  

h e ig h t , n u m b er  o f  leaves, n u m b e r  o f  b ran c h e s  and l ea f  a rea  o f  t issue 

eii llure p lan t le t s  o f  black  pepper .

4.1.1 Effect  o f  M icrob ia l  In oc u lan ts  on Surv iva l  o f  T i s s u e  C u l tu r e

Plant le ts  o f  B lack  P epper

Hie surviva l  rate o f  the p lan t le t s  was found to i m p r o v e  due  lo

iuoeuki l ion with mic rob ia l  inocu lan ts  (Tab le  l ) ( F i g . I ) ,  There  was not

much mor ta l i ty  o f  plan t le t s  till 20 days af ter  t r a n s p l a n t in g  (DAT).  

C o n s id e ra b l e  m or ta l i ty  was no t ic ed  from 3 0 lh day o f  t r a n s p la n t in g  in 

cont ro l  133.3 per  cenl  mor ta l i ty )  and A zo sp ir iilu m  a lone  (25 .0  per  cent 

mor ta l i ty)  (Plate  3). The  t r e a tm e n ts  MoAoP. MoAP and M A P (t r ecorded  

100.0 per  cen t  su rv iva l ,  w he re as  m yco r rh iz a  a lone,  MAoP and M A P  

showed  01 .6  pe r  cen t  each.  On  4 0 th day also M {IA(|P. M [JA1> and MAIN 

recorded  100.0 per  cent  surviva l .  The  cont ro l  and A z o s p ir i ilu m  a lone  

r ecorded  66 .6  per  cent  each .  M y c o r r h iz a  a lone  and  that  w i th  P se u d o m o n a s



I able t ITfect  o f  m ic rob ia l  inocu lan ts  on surv iva l  o f  t is sue cu l ture  
pl an t le t s  o f  black peppe r

lealim. nO.
Nu m be r  o f  plants surv ived

20 D A  1 30 D A T 40 D A T 50 D A T 60 D A T 90 D A T

M V,l ' „ 1 1 (91 .(>) 1 i (91.6) 10 (83.3) 10 (83.3) 10 (83.3) 10 (83.3)

M „ A 1 1 (91.6) 9 ( 7 5 ) 8 (66.6) 8 (66.6) 8 (66 .6 ) 8 (66.6)

12 (1 00 ) 12 (100) 12 (100) 12 (100) 12 ( 100) 12 ( 100)

M (, A„IV, 12 (100 ) 8 (66.6) 8 (66.6) 8 (66.6) 8 (66.6) 8 (66.6)

m ,i a  r 12 (1 00 ) 12 (100) 12 (100) 12 (1 00 ) 12 (100 ) 12(1 00}

M A mI* 12 (100 ) 1 I (91.6) 1 1 (91.6) I 1 (91.6) 10 (83 .3 ) 10 (83.3)

MAI ' , , 12 (100) 1 2 (1 00 ) 12 (100) 12 (100) 1 2 (1 0 0 ) 12 (1 00 )

M A C 1 1 (91.6) 11 (91.6) 1 1 (91,6) 1 1 (9 1.6) 1 1 (91 .6 ) 1 1 (91 .6)
.. .i

f i g u r e s  in pa ren theses  are va lues  in pe rc e n ta ge

l able  .1. Ilffect  o f  m ic rob ia l  inocu lan ts  on  he igh t  ( m m )  o f  t i s sue  cu l tu re  
plan t le ts  o f  black peppe r

Treatments 30 D A T 60 D A T 90 D A T

M A JN 35.00 39.14 60.00

Mi, A IN 28.33 34.47 55.00

M(l A,,!* 30.00 34.28 46.66

MnAJf, 26.66 28.80 39.66

M „A I’ 29.00 33.71 48.33

M \„l‘ 41.00 48.85 64.66

M \i\, 32.66 37.23 56.66

MAI*

rDO'"

i

46.33 69.00

CD (0.05) N S 15.48 1 3.84
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Fig. 1 Effect of microbial inoculants on survival of tissue culture plantlets of black pepper



A - Inoculated with Azospiriilum  C - C ontrol 

Plate 3 Black pepper plantlets inoculated with Azospiriilum  at the tim e o f  planting out

P - Inoculated with Pseudomonas C - C ontrol M  - Inoculated w ith  A M F C - Control

Plate 4 Black pepper plantlets inoculated w ith P late 5 Black pepper plantlets inoculated with  
Pseudomonas at the tim e o f  planting out m ycorrhiza a t the tim e o f  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



ivcu tded  83.3 and 91 .6  per  cent  surviva l .  The re  was  no fu r the r  morta l i ty ,  

i riespei  l ive o f  the t r ea tm en t ,  till 9 0 th day o f  o b se rva t ion .  The t rea tm ent  

i n v o k i n g  P s e u d o m o n a s  and m y co r rh iz a  ei ther  a lone  or  in c o m b in a t io n  

c ons i s t en t ly  s how e d  rem a rka b ly  h ighe r  surv iva l  rate c o m p a r e d  to control  

and  \ : .ospir i l lum  a lone  inocu la t ion  (P la te  4) (P la te  5).

4 .1 .2  K flee t o f  M ic r o b ia l In o c u la n ts  on H eigh t (m m ) o f  T issu e  C u ltu re
P la n tle ts  o f  B lack  P ep p er

[he  obse rv a t io n s  r eco rded  on p lan t  he igh t  at 30 l\  6 0 " 1 and 9 0 lh day 

o f  p lan t in g  out  after  g iv ing  inocu la t i on  wi th  va r ious  m ic rob ia l  inocu lan ts  

were p resen ted  in Tab le  2. A m o n g s t  the ind iv idual  t rea tm en ts ,  m yco r rh iz a  

(M A id ’n) recorded  the m a x i m u m  plan t  he igh t  o f  35 .00 .  39 .14  and  60 ,00  

mm (P la te  6) wh i le  P s e u d o m o n a s  (M oA0P) reco rded  p lan t  he ight  o f  30 .00 .  

34.28 and  46 .66  mm (P la te  7) and A z o s p i r i l l u m  s how e d  plan t  he ight  o f  

28,3.1. 1-1.47 and 55.00  m m  (P la te  8) on 3 0 lh, 6 0 lh and 9 0 th day o f  p lan t ing  

out r espec t ive ly .  These  t rea tm en ts  were  found  to be s ign i f ican t ly  supe r io r  

over  i i inlro),  which  reco rded  26 .66 ,  28.80  and 39 .66  mm on  3 0 ll\  6 0 ,h and 

9(l[l) du\ respec t ive ly  (T ab le  2). The  c o m b in e d  in o cu la t i o n  o f  mic rob ia l  

inoculat i is  s how ed  further  increase  in p lan t  heigh t  at v a r io u s  s ta ges  o f  

iihsci \ at ion. T re a tm e n t .  M«AP reco rded  p lan t  heigh t  o f  48 .3 3  m m  on 9 0 ,:1 

das .  which was supe r io r  over  P s e u d o m o n a s  t hough ,  less than 

. \ z o s p u  i l ium.  The  c o m b in a t io n  t r e a tm e n t  o f  A M F  and  P s e u d o m o n a s  

cons is ten t ]y  s how e d  h igher  p lan t  he igh t  c o m p a red  to the i r  ind iv idua l  

i i iocuhi ltoi is  and con tro l  t rea tment .  T h e  t r ea tm en t  MA«P reco rded  p lan t  

height  o f  41 .00 ,  48 .85  and 64 .66  m m ,  as  aga ins t  35 .00 ,  3 9 .1 4  and  60 .0 0  

nun not iced in the case  o f  m y c o r r h iz a  a lone  and  30 .00,  34 .28  and 46 .66  

mm in P s e u d o m o n a s  a lone  on 3 0 ll\  6 0 1'1 and  9 0 ,h day  o f  p lan t ing  out  

iespei  ii\ c ly . The .dua l  inocu la t i on  o f  A z o s p i r i l l u m  and A M F  did not  show 

m uch  effec t  ove r  their  ind iv idua l  inocu la t ions .  The  c o m b i n a t i o n  t r e a tm e n t  

MAP was  found to be most  e ff ec t ive  which  recorded  m a x i m u m  plant  

height  o f  69 .00  mm on  90 th day o f  p lan t ing  out  ( l abie 2). Th is  t rea tment



I'liMe 3. I’’f leet  o f  i nocu la t ion  o f  m ic rob ia l  inocu lan ts  on l ea f  fo rm ation
in t is sue cu l tu re  p lan t le t s  o f  b lack  peppe r

Trea ln ien ts 30 D A T 60  D A T 90 D A T

MA„I\,
4 .66 7.33 7.66

M,iA I’d 5.33 6.66 7.3 3

MmAmI*
5.00 7.00 8.00

M„A,I'(I
3 .66 6.00 6.00

M,i A1'
5.33 7.33 7.66

MA„I> 5.66 8.00 8.66

MAI*,, 6 .00 7.33 8.33

MAI* 5.66 8.66 9.33

( ’]) (t) OS) NS N S NS

I able  ■) I1' f leet  o f  AMI' ,  A z o s p i r i i l u m ,  P s e u d o m o n a s  on n u m b e r  o f  
b ranches  o f  t issue cu l tu re  p lan t le t s  o f  black peppe r

1 lea l inents 30 D A T 60 D A T 90  DA I

1.66 2 .00 2 .00

M„AI\, 1.33 1.66 ] .66

MiiA„l’ 2.00 2.33 2.33

MnAj'r,
1.33 1.66 1.66

Mu A1*
2.00 2.33 2.33

MAJ* 1.66 2.00 2.33

MAI',., 2 .00 2.33 2.66

MAI* 2.00 2.66 3 .00

C D  {0.05) NS NS N S
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was s ign i f ican t  over  cont ro l  (39 ,66  m m) ,  ind iv idual  inocu la t i on  of  

A z o s p i r i l l u m  (55 .00  m m) ,  P s e u d o m o n a s  (46 .6 6  m m )  and dua l  inocu la t ion  

o f  l z o \ p i r i l / u m  and P s e u d o m o n a s  (48.33 m m) ,  though  s ta t i s t i ca l ly  on par  

with MAiil’ (64 ,66  m m )  and  MAoPo (60 .0 0  mm).

4 .1 .3  FITeet o f  In o c u la tio n  o f  M ic r o b ia l In o c u la n ts  on L e a f  F orm ation  

in T issu e  C u ltu re  P la n tle ts  o f  B la c k  P ep p er

1 here  was no s ign i f ican t  d i f f e rence  in n u m b e r  o f  leaves be tw een  

llie t r e a tm e n ts  on 30th, 6 0 th and  9 0 lh day o f  o b s e rv a t io n  ( f a b l e  3). 

H ow e ver  an increas ing  t rend in n u m b e r  o f  l eaves  due  to va r io u s  t r ea tm en ts  

was not iced, ' t h e  m a x i m u m  n u m b e r  o f  l eaves  w'as s h o w n  by t rea tment  

MAI* mi (d)11' (8 .66)  and 9 0 tl' (9 ,33)  day  o f  p lan t in g  out .  w he re as  the 

emit ml  recorded  the lowes t  n u m b e r  o f  leaves (6.00) .

4 .1 .4  F i f e d  o f  A M F, A zo sp ir illu m , P seudom onas  on N u m b er  o f  

B r a n d ie s  o f  T issu e  C u ltu re  P la n tle ts  o f  B lack  P ep p er

I here w'as no s ig n i f ic an t  d i f f e rence  be tw e en  the  t r e a tm e n ts  in 

numhci  o f  b ranches  at all s tages  o f  o bse rva t io n .  The  m a x i m u m  n u m b e r  o f  

3 b r a n d i e s  was  reco rded  in M A P  on 90 l1’ day o f  p l a n t in g  out  as aga ins t  

1.66 ol contro l  (T ab le  4).

4 .1 .5  L ea f A rea  (cm 2) o f  T issu e  C u ltu re  P la n tle ts  o f  B la c k  P ep p er  as 

In flu e n c e d  by In o c u la tio n  w ith  M ic r o b ia l In o c u la n ts

A genera l  increase  in l ea f  a rea  o f  the p lan t le ts  no t iced  due to 

inocu la t ion  w'ith microb ia l  inocu lan ts  (Tab le  5) (F ig .2). All  the t r ea tm en ts  

i n v o k  ing A M F  s how e d  h igher  l e a f  area c o m p a r e d  to o t h e r  t rea tm en ts .  

Am ongs t  t rea tm en ts  MAoPo, M qA P o and  MoAoP, m a x i m u m  l ea f  area o f  

5.43. 7.33 and  9.73 c m 2 on 30, 60 and 90 D A T  was  s h o w n  by M A d f : .  

w h i l e  M|iAl\t  recorded  l ea f  area o f  3 .60,  5 .66 and 7.36 cm"  and  MuAnP 

show ed lea f  a rea  o f  3.53, 5 .76  and 7.16 c m 2 respec t ive ly .  T h e s e  t r ea tm en ts  

were ImiiikI to be supe r io r  over  cont rol ,  w h ich  recorded  l e a f  area o f  3 .23.  

I.(i0 and (>.96 cm respec t ive ly  (T ab le  5). A m o n g  the dua l  inocu la t ion



1 real m u l l  s. MoAP did not  s h o w  m u c h  effect  ov e r  thei r  ind iv idual  

inocu la t ions ,  MqAPo and  MoAqP. The  co m b in e d  a p p l i c a t i o n  o f  A M P  and 

Psv tu lom am is  r ec o rde d  a h igher  l e a f  area o f  10.46 c m 2 (P la te  0) on 00 

DA I which was s ignif icant  over  control  (6.96 c m ' )  and MuAoP (7.16 c m 2). 

H ow ever ,  it was  on par  w i th  M A (,Po (9.73 c m 2). The  dua l  a pp l i c a t ion  o f  

Aznspir i ihim  and A M P recorded m aximum lea f  area of  11.00 c m 2 (Plate 10) on 

W '1' day o f  plant ing out  which was  significant  over  control  (6.06 c m 2) and 

MoAPu (7 .36  c m 2) ( ' f ab le  5). T h e  c o m b i n a t i o n  t r e a tm e n t  M A P  s h o w e d  a 

leal' a iea  o f  10.76 c m 2 (P la te  1 1) on 9 0 Ul day,  w h ic h  w as  on par  with 

M A„r„  (<1.73 c m 2). M A 0P (10 .46 c m 2) and MAIN (11 .0 0  c m 2).

4 .1 .6  M y co rrh iza l C o lo n iz a tio n  (30 D A T ) in T issu e  C u ltu r e  P la n tle ts  

nl B lack  P ep p er  In o c u la te d  w ith  M ic r o b ia l In o c u la n ts  (% )

M u m r r h i z a l  co lon iza t ion  in the p lan t le t s  o b s e rv e d  on 30 DAT 

ind ica ted  a h igher  c o lon iz a t ion  p e rcen tage  ran g ing  from 50 .00  to 66 .70  in 

l ieatmeii is ,  which  rece ived  m y co r rh iz a l  inocu la t ion  (T a b le  6) (P la te  12). 

There  was no c o lon iz a t ion  in u n inocu la te d  t r e a tm e n t s .  Highes t  

e n lo n i / a l i o n  o f  66.70  per  cen t  was  rec o rde d  in MAuPo,  f o l l o w e d  by MAnP 

with 54 .00 per  cenl .  M A P 0 wi th  53 .30  per  cent  and M A P  with 50 .00  per  

cent.

1.3 I I I I ( I OP M IC R O B IA L IN O C U L A N T S  ON P H Y S I O L O G I C A L  A N D 

lilt H 'I IPM IC A L C H A R A C T E R I S T I C S  OF M 1C R OPR OPA GA TF.D 

111.ACK P E P P E R  P L A N T L E T S

4.2,1 In fluence o f  M icrob ia l In ocu lan ts on Stom atal C on d u ctan ce  (cm s’1) 

o f  T issue C u ltu re  P la n tle ts  o f  B la ck  P ep p er

\ cons ide rab le  r educ t io n  in s tomata l  c o n d u c ta n c e  in all t h e  

p l u n i k i s  due to inocu la t i on  with m ic rob ia l  inocu lan ts  was  not iced  on 15. 

10 and 15 DA T ('Fable 7) ( F ig .3), On  15 D A T ,  a genera l  r educ t io n  in 

s tomnlal  c on d u c ta n c e  was not iced  in all the  t r e a tm e n ts  w h e n  c o m p a r e d  lo 

control  with 0.53 cm s ' 1. A l though ,  there  was  no s ign i f ic a n t  d i f f e rence



Table  5. L e a f  a rea  ( c m 2) o f  t is sue  cu l tu re  p lan t le t s  o f  b lac k  p e p p e r  as 

in 11 nenced  by inocu la t ion  w i th  m ic rob ia l  i nocu la n ts

Trea ln ien ls 30 D A T 60 D A T 9 0  D A T

MA„I\,
5.43 7.33 9.73

Mr, A If,
3 .60 5.66 7.36

M„A„P
3.53 5.76 7.16

M,i Aijl’o
3.23 4 .66 6.96

M (, A P
3.53 5.16 7.66

MA„P 5.70 7.80 10.46

MAPn 4.90 8.66 1 1.00

MAP 7.66 8.33 10.76

C D  (0.05 ) 1.19 1.08 1.31

fab le  6. M ycorrh iza l  c o lo n iz a t io n  (30 D A T )  in t is sue  c u l tu r e  p lan t le t s  of  
black pe p p e r  i nocu la ted  wi th  A M F ,  A z o s p i r i l l u m  and  
P s e u d o m o n a s  (%)

ren tmcnts C o lo n iz a t io n  pe rc e n ta ge

MAuPo 66 .70

M»AP{) 0.00

M„AoP 0.00

M(iA0Po 0.00

M„AP 0.00

MA„P 54.00

MAI1,, 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 M ycorrhizal colonization in tissue culture plantlets o f  
black pepper at 30 days after transplanting



Table 7. Influence o f  microbial  inoculants  on s tomatal  conduc tance  (cm s ' 1) 

t issue  cu l tu re  p lan t le t s  o f  b lack  peppe r

T re a lm e n t s 1 5 D A T 30 D A T 45 D A T

M Aid’d
0.41 0.18 0.17

M» A I’r,
0 .42 0.12 0.15

M,, Adi*
0.41 0.14 0.16

M.,A„I*„ 0.53 0.23 0.33

M„A1’
0.46 0.19 0 .17

M A J ’ 0.33 0.15 0.16

M A 1 0.43 0.18 0.17

MAI' 0.49 0.12 0.18

( 1 )  (0 .05) NS 0.06 NS

Table  8. I-fleet o f  m ic rob ia l  inocu lan ts  on l e a f  t em p e ra tu re  ( °C )  o f  t issue 
c u l tu re  p lan t le t s  o f  b lack p e p p e r

T re a tm e n t s 15 D A T 30 D A T 45 D A T

MAiil*!) 33 .20 32 .30 33 .40

MnAI’i, 33 .30 33.43 3 3.93

MuAdl’
33 .50 33.60 32 .70

MnAjjI’i) 33.47 35 .36 35.63

M„AP
33.17 34.13 33 .5 0

MAUP 33.47 33.00 32 .2 6

MAI’o 33.03 32.73 32 .43

MAP 33.37 32.83 3 2.30

C l ) (0.05) NS 0.41 0.44
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Fig. 3 Influence of microbial inoculants on stomatal conductance (cm s 1) of tissue culture
plantlets of black pepper

■  30 DAT



be tw een  (lie t rea tm en ts ,  the  low es t  s tom a ta l  c o n d u c ta n c e  w as  reco rded  by 

I he l i c a im e n t  MA»P (0.33 c m  s ' 1) (Tab le  7). By 3 0 1'1 day o f  t ran sp lan t ing ,  

s inmala l  c o n d u c ta n c e  was found to decrease in all the  t r ea tm en ts ,  The  

lowest  s inmalal  conduc tance  was  recorded  in t reatment  MijAP(i (0 .12 cm s ' 1) 

which was on par  with MAoPo (0.18 cm  s"1) and M ()AoP (0 .14  cm s"1) and 

also cm a Id na t ion o f  t rea tm en ts  such as M A ()P (0.15 cm s ’1) and  M A P  (0.1 2 

cm s ') flic cont ro l  t r e a tm e n t  r ec o rde d  a h igher  s tom a ta l  c o n d u c ta n c e  of  

0 23 o n  s ' 1 on  30 D A T  also.  It was o b s e rv e d  that  the individual  

innei i la l ion t rea tm en ts  reco rded  lower  values  o f  s tom ata l  c o n d u c ta n c e  than 

c o m b in a t io n  t r e a tm e n ts  (T ab le  7). T h e  obse rv a t io n s  t aken  on 45 DAT 

showed  no s ign i f ic a n t  d i f f e rence  a m o n g  the va r ious  t r e a tm e n ts .  S tomata l  

cond i i e lancc  was  found to increase  in t issue  cu l tu re  p l a n t l e t s  due  to 

i nocu la t ion  wi th  d i ff e ren t  m ic r o o r g a n i s m s  (Tab le  7). All  1 he  t r e a tm e n ts  

invo lv ing  m yco r rh iz a  cons i s t en t ly  s h o w e d  h igher  va lu e s  for s tomata l  

c o n d u c ta n c e .  M a x i m u m  s tomata l  c o n d u c ta n c e  o f  0 ,18 cm s ' 1 was  recorded  

in M A P  fo l lowed by MAoPo and MAPo with 0,17  cm s ' 1 each .  The  control  

r ecorded  0,13 cm s ' 1

4 .2 .2  K ffect o f  M icro b ia l In o c u la n ts  on L ea f T e m p e r a tu r e  C O  o f

T issu e  C u ltu re  P la n tle ts  o f  B la c k  P ep p er

I lie l ea f  t em pe ra tu re  o f  the p lan t le t s  was r ec o rde d  al 15 days  

interval for 45 days and the data  p re s e n ted  in Tab le  8. No  s ign i f ican t  

d i f f e rence  in lea f  t em pe ra tu re  was  not iced  at 15 D A T  a m o n g  the va r ious  

l ic a lm enls .  The  obse rv a t io n s  m ade  on 30 D A T  s how e d  a s ign i f ican t ly  

lower  lea f  t em pe ra tu re  in p lan t le t s  inocu la ted  with m ic ro b ia l  inocu lan ts  

when <. i imputed  to tm inocu la ted  control .  The re  was  a d e f in i t e  de c re a s e  in 

l ea f  l em pe ra tu re  in t rea tm en ts  invo lv ing  m ycor rh iza l  i n o cu la t ion .  MAoPo 

s how e d  lowes t  lea f  t em pe ra tu re  o f  3 2 .30°C ,  w h i le  t r e a tm e n t s  MoAPu and 

M (iA iiP recorded  l ea f  t em p e ra tu re  o f  33 .4 3°C  and 3 3 .6 0 °C  respec t ive ly ,  

which  were  s ign i f ican t ly  less than  tha t  o f  cont ro l  plant le t s .  which  recorded  

a leal t em pe ra tu re  o f  35 .3 6 °C  (T ab le  8). A m o n g  dua l  inocu la t ion



(t eaI m ea t s ,  lowes t  t em pe ra tu re  was s h o w n  by M A P U (32 .73  °C.’) which  was 

less Ihan MoAI’o (33 .40°C) .  The  A M F  a lone  t r ea tm en t  (MAoPo) reco rded  

32.3D',,C. The  t r e a tm e n t  MAoP rec o rde d  a l e a f  t e m p e r a t u r e  o f  33 ,00°C .  

which was  lower  than  P s e u d o m o n a s  a lone  ( 3 3 .6 0 °C ) .  The  lea f  

l em pe ia tn re  recorded  for MoAP was 34 ,13°C ,  wh ich  was s ign i f i c a n t ly  less 

than llial o f  contro l  (35 .3 6°C) .  T h e  t r ea tm en t  invo lv ing  all  the o r g a n i s m s  

show ed  the lowes t  lea f  t e m p e ra tu re  o f  32 .8 3°C .  Al! these  t r e a tm e n t s  were 

found s ign i f ican t ly  super io r  ov e r  con tro l  t r ea tm en t  (T ab le  8). On 45 D A T  

aliai tin plan t le t s  inocu la ted  with d i ff e ren t  m ic rob ia l  i n o c u la n t s  showed  

signi I leanlly lower  lea f  t e m p e ra tu re  than  u n inocu la te d  con t ro l  ( f ab l e  7). 

A m ong  indiv idual  inocu la t i on  t rea tm en ts ,  P s e u d o m o n a s  s h o w e d  lowes t  

lea f  t em p e ra tu re  o f  32 .70°C,  whi le  A zo s p i r i l l u m  and  A M F  reco rded  

H O W  and 33 .4 0 °C  respec t ive ly .  A m o n g s t  all the t r e a tm e n t s ,  the lowest  

tem pera tu re  w'as reco rded  by MAoP (32 .26°C ) ,  w h ic h  w a s  on  par  with 

M A P  ( C’ .30°C) .  The t rea tm en t  M A P () a lso reco rded  a lower  lea f  

tempei  at m e o f  3 2 .43°C.

4 .2 .3  10 f le e t  o f  M icro b ia l In o c u la n ts  on R e la tiv e  W a ter  C on ten t

(R W C ) (% ) o f  T issu e  C u ltu re  P la n tle ts  o f ftla ck  P e p p e r

K W'C obse rved  on 60, 120 and 180 D A T  s h o w e d  an i ncreasi  ng 

Ireml due  to inocu la t i on  with va r ious  m ic rob ia l  inocu lan ts  w hen  com pa red  

to u m u n c u l a t e d  con tro l .  The  d a ta  is p r e se n ted  in f a b l e  9 ( F ig .4). 

A l though  no s ign i f ican t  d i f f e rence  in R W C  was  not iced a m o n g  var ious  

t rea tm en ts  at 60 D A T ,  the h ighes t  va lue  o f  79 .36  per  cent  was  s h o w n  by 

M A P as aga in s t  65.30  per  cen t  no t iced  in cont ro l  t rea tm en t .  The  

t rea tm ents  invo lv ing  in d iv idua l  i n o cu la t ions  o f  the th ree  mic rob ia l  

inocnlai i ls  viz. ,  A M F,  A z o s p i r i l l u m  and  P s e u d o m o n a s  w as  found to show 

an inc reas ing  t rend  in R W C .  At  120 D A T ,  p lan t le t s  w h i c h  rece ived  

ind iv idual  inocu la t ions  with A z o s p i r i l l u m ,  A M F  and P s e u d o m o n a s  s how ed  

.s ignificantly h igher  R W C  ov e r  contro l  (T ab le  9). O f  the th ree  t rea tm en ts ,  

R W C was m a x i m u m  for MoAPo (83 .40  %),  which  was  on p a r  with M A J V



I able  9 I. ( fleet  o f  m ic rob ia l  inocu lan ts  on rel a t ive  w a te r  con ten t  ( R W C )  
(% )  of tissue culture plantlets of black pepper

T re a tm e n t s 60 D A T 120 D A T 180 D A T

MAnlV,
73.93 80 .90 86.33

Mi, A IT
75.13 83.40 94 .70

M„A(,P
70.13 80.63 92 .56

M„A„l’o 65 .30 70 .40 73.80

Mi, A I’
76.26 79.66 85 .46

1
MA,)P 73.03 77.26 82 .2 0

MAPo 74.06 80 .50 8 4 .4 0  !

MAP
79.36 88 .60 90 .83

C D  (0 .05) NS 8.56 7.31

Table  IP. Tota l  phe n o l  con ten t  (p g  g ' 1 l e a f  t is sue )  o f  t is sue  c u l tu re

p lan t le t s  o f  black p e p p e r  as  in f luenced  by m ic r o b ia l  inocu lan ts

T r e a tm e n t s 60 D A T 120 D A T

M A„P[i 74 .80 105.83

M„AP„ 58 .50 99 .36

M„A(IP 46.67 89.83

MiA To 47.83 76.20

M,iAP 55.83 85.00

M A,,!’ 61 .3 0 97.13

MAP,, 65.83 100.33

MAP 67.33 101.80

C l )  (0 .05 ) 9.05 16.94
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Fig. 4 Effect of microbial inoculants on relative w ater content (RWC) (%) of tissue culture plantlets of black
pepper



180.90 and M(,A()P (80 .6 3% ) ,  though  all the tin ‘ce t r e a tm e n ts  were 

signi l i iun l ly  h igher  than  control (70 .40  %),  A m o n g s t  the dual i nocu la t ion  

IrenimentN, MoAP, M AoP and MAPo,  the m a x i m u m  R W C  was  s h o w n  hy 

MAR,  [80 ,50  %),  w h ich  w a s  on  par  wi th  MoAP (7 9 .6 6  %) and  M A mP 

(77.2(i  %).  These  th ree  t r e a tm e n ts  did not  s h o w  s ign i f ic a n t  effect  ove r  

l heir  ind iv idual  i nocu la t ion  t r e a tm e n ts  MAoPo, MoAPo and  Mo AoP. The 

highest  R W C  was  r ec o rde d  by t r e a tm e n t  M A P  ( 8 8 .6 0 % )  which  was 

s ign i f ican t ly  h ighe r  than MoAP, M A 0P and cont ro l  and  w a s  on par  with 

MoAP,,. MAoPq, M(iA()P and M A P 0. At  180 D A T  a lso  all the t r e a tm e n ts  

involv ing microbia l  inoculants  recorded  s igni f icant ly  h igher  R W C  (Tab le  9). 

MoAlV recorded  m a x i m u m  R W C  o f  94 .70  per  cent ,  w h ich  was  on par  with 

M,)A(,P ( 9 2 .5 6 % )  and  MAoPo (86 .33% ) .  The  c o m b in a t io n  t r e a tm e n t s  such 

as M„AP (85 .46  %).  M A 0P (82 .20)  and M A P 0 (84 .40)  w e r e  s ta t is t ica l ly  on 

par  and did not show  sign i f ican t  effec t  over  their  in d iv idua l  inocu la t ion  

I real moot  s. The  c o m b in e d  in o cu la t i o n  with A z o s p i r i i l u m , A M P  and 

Pse iu lomonas  r eco rded  R W C  o f  90.83 pe r  cenl ,  wh ich  w a s  on pa r  with the 

m ax im u m  va lue  o f  92.56  per  cent  r ecorded ,  with P s e u d o m o n a s  a lone .  It 

was obse rved  that  the dua l  inocu la t i on  wi th  m ic rob ia l  i n o c u la n t s  genera l ly  

showed a r e l a t ive ly  less R W C  c o m p a r e d  to the ir  in d iv idua l  i n o cu la t ions  at 

all s inges o f  obse rva t io n .  H ow e ver ,  the c o m b in a t io n  i n v o lv i n g  alt the 

I luce o r g a n i s m s  recorded  cons i s t en t ly  h igher  values  at d i f f e re n t  s tages  o f  

ohsei  i a!ions.

4.2 ,4  T ota l P h en ol C on ten t ( p g  g"1 le a f  t is su e )  o f  T issu e  C u l t u r e  

P la n tle ts  o f  B la ck  P ep p er  as In flu e n c e d  by M icro b ia l  

In o c u la n ts

The total  pheno l  con te n t  w a s  reco rded  at 60 and  120 D A T  and 

found a gene ra l  increase  in total  phe n o l  con ten t  in t r e a tm e n t s  con ta in in g  

ni ie iolua l  inocu la t i on  with m a x i m u m  effec t  be ing  in A M F  inocu la t ion  

t I a ide 1 M i ( P ig .5). At 60 DA'P, m a x i m u m  pheno l  con ten t  o f  74 ,80 pg  g ' 

was recorded  in t r ea tm en t  with m yco r rh iz a  a lone  ( M A (dV) while  MoAP,-)



ami Mi.AJ’ showed 58.50 and 46.67 pg g '1 respectively, as against 47,83 pg g ' 1 

o h s e i w d  in con trol  plant le ts .  A m o n g s t  the dual  i n o cu la t i o n  t r e a tm e n ts  

viz..  MijAP, MAoP and  MAPq,  m a x i m u m  pheno l  c o n te n t  w as  sh o w n  hy 

MAIN, (03.83 fig g ’!) t h o u g h  low er  than MAoPo (74 .8 0  p g  g"').  The 

treatment  MAoP (61,30 pg  g ' 1) was superior  over  MoAyP (46 .67  fig g 1). but 

less I 1kmi M A o lV  The  t r ea tm en t  MoAP (55,83  pg  g ' 1) did no t  s h o w  much  

eft eel over  their  ind iv idua l  inocu la t ions .  All  the i n o c u la t ion  t r e a tm e n ts  

except  MoAoP ami MoAP reco rded  a s ign i f ican t  increase  in total phenol  

oMiikii! in the t issues o f  plants  over  control  (Table  10). M ycorrh iza  alone 

mocuhi linn recorded m ax im um  phenol  content  o f  105.83 pg  g~' a m ongs t  all the 

t reatments at 120 DAT. Individual  inoculation with A zosp ir i l lum  and 

Pseudomonas  recorded values  o f  99.36 pg  g ' 1 and 89.83 pg  g ' 1 r espec t ive ly .

I he ind iv idual  inocu la t ions  wi th  A M F  and A z o s p i r i l l u m  w ere  supe r io r  

over  cont ro l ,  which  recorded  76 .20  fig g ’1. A m ongs t  the dua l  inocu la t i on  

t rea tments .  M A P () r ecorded  h ighe r  pheno l  con ten t  o f  100.33 fig g_i

Inl lowvd by MAoP with 97 .13  pg  g ' 1 and  M»AP wi th  85 .00  fig g 1. The 

t rea tment  c o m b in a t io n  in v o lv ing  all  the  three o r g a n i s m s  r ec o rd e d  101.80 

pg g 1 which w as  s ign i f ican t ly  h ig h e r  than con trol  but  on p a r  wi th  othe r  

inocu la t ion  t r e a tm e n t s  (Tab le  10). A m o n g s t  the o r g a n i s m s ,  AMI-’ was 

found to s t im u la te  m a x i m u m  total  pheno l  p roduc t ion  in p lan t  t is sues  

fo l lowed by A z o s p i r i l l u m  whi le  the e ffec t  o f  P s e u d o m o n a s  w as  r el a t ive ly  

1 o w .

4 .2 .5  O r th o d ih y d r o x y  (O D ) P h en o l C o n te n t (p g  g '1 le a f  t is su e )  o f

T issu e  C u ltu re  P la n tle ts  o f  B la ck  P ep p er as In flu e n c e d  by

M icro b ia l In o cu la n ts

O b s e rv a t io n s  taken  on 60 and 120 D A T  s h o w e d  that  all the

inocu la t ion  t r e a tm e n ts  s ign i f ican t ly  increased  the O D  phenol  con ten t  o f  

the plant t is sue over  cont ro l .  A genera l  increase  in OD phenol  c o n te n t  was 

obse rved  in plant s  inocu la ted  wi th  A M F  and P s e u d o m o n a s  ( f a b l e  1 1) 

(big.  5). At 60 DA T, a m ongs t  ind iv idua l  t rea tm en ts ,  m a x i m u m  O D  phenol



Treatments

Fig. 5 Total phenol (pg g'1) and orthodihydric (OD) phenol (pg g 1) content of tissue culture plants of black
pepper as influenced by microbial inoculants



I a bit: I I .  O r t h o d ih y d r o x y  (O D )  phe n o l  c o n te n t  ( p g  g ' 1 l ea f  t issue)  o f  

t is sue cu l tu re  p lan t le t s  o f  b lack  pe p p e r  as in f luenced  by 

m ic rob ia l  inocu lan ts

T re a t m e n t s 60 D A T 120 D A T

M A J ’n 40 .00 40 .76

M„AI*„ 27 .16 37.20

Mu A i,l’ 41 .76 43 .50

M(| A hi J ’Hi 16.66 36 .56

M(JA I1 41.33 42.73

M A jiI’ 41 .10 40 .70

MAI',, 41 .2 6 42 .5 6

MAI’ 44 .16 46 .66

( ’I) {0,05) 3.23 4.27

Table Id. Pro te in  con ten t  (pg  g ' 1 l e a f  t i s sue)  o f  t is sue cu l tu re  p lan t le t s  o f  

black pe p p e r  as i n f lue nce d  by m ic rob ia l  i nocu la n ts

T re a tm e n t s 60  D A T 120 D A T

M AJ'n 396 .6 490 ,0

MhAI’h, 446 .6 496.6

456 .0 701.6

MiiAJA, 291.6 351 .6

M„AI’ 535.0 620.3

MA„P 468.3 675 .0

MAP,, 495 .0 656.3

MAP 590.0 720.0

CD (0 .05) 72.2 59.9
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Fig. 6 Protein content (fig g ' ) of tissue culture plants of black pepper as influenced inoculation with microbial
inoculants



vii 1 Lie1 ol 41 .76  jig g ' 1 was reco rded  in t r e a tm e n t  wi th  P s e u d o m o n a s  a lone  

fo l lowed by A M F  wi th  40 .00  fig g ’1 and  A z o s p i r i i l u m  h a v in g  27 ,16  pg  g ' 1. 

Al! these  t r e a tm e n ts  were found  to be s ign i f ican t ly  h igher  than  cont ro l

t rea tm ent ,  w h ic h  r eco rded  OD phenol content o f  16.66 fig g ' 1. The dual 

inocu la t ion  t rea tm en ts  such as M o A P ,  M A o P  and  M A P o  d id  not  show  much 

var ia t ion a m ongs t  t r ea tm en ts  and their  va lues  r anged  f rom  41 .10  to 41.23 

fig g"'. The  highes t  O D  pheno l  con ten t  was  recorded  w i th  c o m b i n a t i o n  o f  

AM F. A z o s p i r i i l u m  and P s e u d o m o n a s  w i th  44 .16  fig g ' 1 and  was on par 

with dual i nocu la t ion  t rea tm en ts  and  t rea tm en t  w i th  P s e u d o m o n a s  a lone.  

It was found that the e ffec t  o f  A z o s p i r i i l u m  i nocu la t ion  on O l )  phenol  

conten l .  though  s ign i f ican t ly  increased  (27 .1 6  fig g ' 1) o v e r  cont ro l  (16 .66  

pg g ' l  was relat ive ly less when  c o m p a r e d  to A M F  and  P s e u d o m o n a s  

( I able lit). A s im i la r  t rend was not iced  on 120 O A T  also.  All the 

inocula t ion t rea tm en ts  s h o w e d  s ign i f ican t  increase  ov e r  con trol  ( I able  

I I ) .  o l )  pheno l  va lues  r eco rded  for  M A ()P0, M<)AP0 and  M UA (,P were 

40.76 ,  17.20 and 43 .50  pg  g ' 1 respec t ive ly .  The cont ro l  t r e a tm e n t  s h ow e d  

Ol)  phenol  content  o f  36.56 pg  g"1 leaf  tissue. There was not m uch  difference 

amongst I he dual  inoculation t reatments  viz., MoAP (42.73 pg  g ' 1), MAnP 

I 10.70 pg  g"1) and M A P o  (42.56 p g  g’1). The  c o m b i n a t i o n  in v o lv ing  all 

I lie three m ic rob ia l  inocu lan ts  w as  m o s t  e f fec t ive  and r e c o r d e d  the h ighes t  

( )l I phenol  con ten t  o f  46.66 pg  g ‘ l (T ab le  11).

4,2 .6  P rotein  C o n ten t (pg  g 1. le a f  t is su e )  o f  T issu e  C u ltu r e  P la n tle ts  

o f  M u ck  P ep p er  as In flu e n c e d  by M ic r o b ia l In o c u la n ts

1 lie p rote in  c on ten t  o f  p lan t  t i s sue  w as  es t im a ted  on  60 and  120 

DAT. I be obse rv a t io n s  s how e d  a s ig n i f ic an t  inc rease  in p ro te in  con tent  

o f  the plan t le ts  due to i n o c u la t ion  wi th  A M F ,  A z o s p i r i i l u m .  P s e u d o m o n a s  

and limit' c o m b in a t io n s  (T ab le  12) (Fig.  6). On 60 D A I .  am ongs t  

n v a l m c n K  MAoPo. MoAPn and M oA()P, m a x i m u m  pro tein conten t  was 

recorded  by M ()AoP (456 .0  pg  g ' 1), fo l l o w e d  by MAoPo (3 6 6 ,6  pg  g"1) and



MuAI’n (446 .6  pg  g ' 1). The  con tro l  p lan t le t s  r eco rded  a lower  pro te in  

cunleni  ul’ 2 9 1.6 p g  y ' !. In the dua l  inocu la t ion  t r e a tm e n ts ,  M oAP reco rded  

tn ; i \ i in 11111 p ro te in  con te n t  o f  535 .0  pg  g ' 1, w h ich  was  s ign i f i c a n t ly  h igher  

l lnm ind iv idua l  i nocu la t ion  wi th  A z o s p i r i l l u m , P s e u d o m o n a s  and A M P  

while  M A ltP (468 .3 p g  g"1) did not  show  c o n s id e r a b l e  effec t  over  

n iyeon lu / a  and  P s e u d o m o n a s .  T r e a t m e n t  M AI’u (4 9 5 .0  p g  g"1) show ed  

s igni f icant  increase  in p ro te in  con te n t  ov e r  M (jAP{) and  MAoPo.  A l though  

AMI- reco rded  rel a t ive ly  low p ro te in  con te n t  c o m p a red  to P s e u d o m o n a s  

and izosf tiril lum,  its combined inoculat ion with Azosp ir i l l um  (495.0 pg  g ' 1) 

and P s e u d o m o n a s  (468.3 p g  g ‘ l) cons ide rab ly  inc re ase d  the pro tein 

contenl  A m o n g s t  al! the  i nocu la t ion  t r e a tm e n ts ,  M A P  reco rded  the 

highest  va lue  o f  590 .0  p g  g ' 1, w h i c h  w as  s ign i f ican t  ove r  all o the r  

t rea tm en ts  excep t  MoAP (T ab le  12). The  pro te in  con ten t  r e c o r d e d  on 120 

I M T  s h o w e d  the same  t rend  as that  o b s e rv e d  on 6 0 l1’ day.  A s ign i f ican t  

increase m prote in  con tent  w as  recorded  in all the inocu la t ion  t rea tm en ts  over  

control . Am ongs t  the individual  t rea tments .  M 0A{>P reco rded  the highest  

value o f  701.6 p g  g ' 1 fo l lowed by MqAPq wi th  496 .6  pg  g’1 and  M A ()P (J with

490.0 pg  g ' 1 as aga ins t  351.6 p g  g"1 not iced in control (T ab le  12). In the 

dtial i nocu la t ions  MAqP s how e d  the m a x i m u m  va lue  o f  675 .0  pg  g ' 1 

fo l lowed by MAPo with 656.3 pg  g ' 1 and  MoAP wi th  620 .3  pg  g ' 1 prote in  

content .  As it was obse rved  on 60 th  day,  the c o m b in a t io n  t r e a tm e n t .  M AP 

recorded highest  va lue  o f  720 .0  pg  g"1, which was  s ign i f ican t  ov e r  all 

oilier t r ea tm en ts  excep t  P s e u d o m o n a s  a lone  t r ea tm en t .  It w a s  not iced that 

by I 3011' day A M I 1' s h o w e d  m u c h  in f luence  on p ro te in  c o n te n t  o f  the p lan ts  

conipai  rd  to 6 0 lh day.

4 .2 .7  T ota l C a rb o h y d ra te  C on ten t (m g g"1 lea f  tissu e) o f  T is su e  C u ltu re

IMuntlcts o f  Illack  P ep p er us In flu en ced  by M icro b ia l In o cu la n ts

I lie in f luence  o f  m ic rob ia l  inocu lan ts  on total  c a r b o h y d r a t e  con ten t  

o f  the plant le t s  was  ana ly zed  on 60 and  120 DAT. The re  w a s  a genera l



I ab le  I 3. E f fec t  o f  i nocu la t ion  w i th  d i f fe ren t  m ic rob ia l  i n o c u l a n t s  on

total  c a rb o h y d ra te  co n te n t  (mg  g ' 1 l e a f  t i s sue)  o f  t i s sue  cu l ture  

p lan t le t s  o f  b lack  peppe r

Tr e a tm e n t s 60 D A T 120 D A T

46 .60 50.66

M(1AP„ 43.83 52.30

M(,A(|P 39.10 49.33

Mu An I’o 38 .3 0 44 .30

M„AP 48.  06 53.60

MA„P 43.13 53.26

MAP0 61.43 60.66

MAP 57.86 58.53

Cl )  (0 .05) 6.24 5.71



i ncrease  in the c a rb o h y d ra te  con ten t  in inocu la t i on  t r ea tm en t  over  con trol

ll'nhV  H ). On M}"' day of observation, amongst the three organisms, 

m v c o n l i i / a  reco rded  the h ighes t  c a rb o h y d ra te  c on ten t  o f  46 .60  m g  g ' 1 

fol lowed by A z o s p i r i l l u m  wi th  43 .83 m g  g ' 1 and  P s e u d o m o n a s  hav in g  

19.10 mg g ' 1 l ea f  t issue.  The  con tro l  t r ea tm en t  r eco rded  total  ca rb o h y d ra te  

conten l  o f  38 .30  mg g ' 1 l ea f  t issue.  The  increase  du e  to A M P  was  

s ign if icant  ov e r  contro l  and  MoAqP. In the dual in o c u la t i o n  t r e a tm e n t s ,  

M A I’n i cc o rd cd  the highes t  va lue  o f  61.43  m g  g'V w h ic h  w a s  s ign i f ican t ly  

higliei than all o ther  t rea tm en ts  e xcep t  M AP. M ((AP and M AoP recorded  

ca rbohydra te  con ten t  o f  48 ,06  and  43 .13  mg g"' r e s pe c t ive ly .  The 

co m b in a t io n  o f  three o rg an i s m s  reco rded  total c a rb o h y d r a te  c on ten t  o f  

5 7 .86 mg g ' 1 l e a f  t issue.  It was  found  that  A M F  an d  A z o s p i r i l l u m  

cons ide rab ly  increased  the ca rbohyd ra te  con ten t  and  the i r  c o m b i n a t i o n  

fur ther a u g m e n ted  the effect.  On  120 D A T ,  a m o n g  the  ind iv idua l  

inocu la t ions ,  MijAPo recorded  the h ighes t  va lue  o f  52 .30  m g  g ' 1 fo l low e d  

by M A J T  with 50 .66  m g  g ' 1' w h ic h  were  s ign i f ican t ly  h i g h e r  than  that  o f  

contro l  ( 14 .30  mg g"1). MqAoP s h o w e d  total  c a rb o h y d ra te  c o n te n t  o f  49 .33  

mg g 1 l ea f  t issue.  All the dual i n o c u la t ion  t r ea tm en ts  s h o w e d  s ign i f ican t  

increase  in c a rbohyd ra te  con ten t  over  contro l .  A m o n g s t  t r e a tm e n t s .  MAPn 

iccordcd  h ighes t  va lue  o f  60 .66  m g  g"1, w h ic h  w as  s ign i f ican t ly  higher  

limn the values  not iced  for MuAP (53.60 mg g"1) and MAuP (53 .26  m g  g ' 1). 

M A P  recorded  ca rbohyd ra te  co n te n t  of' 58 .53 mg g‘l, w h i c h  w as  on par  

with MAP,)

I 3 ! I I I f f  OF M I C R O B I A L  I N O C U L A N T S  ON F O O T  R O T

I N C I D E N C E  A N D  I N T E N S I T Y  OF B L A C K  P E P P E R  P L A N T L E T S

I lie effect o f  microbial  inoculants  viz., AM F, P s e u d o m o n a s  and 

Azosp ir i l lum  on inc idence  and  intensi ty  o f  foot  rot  d i sease  in t issue cu l tu re  

plantlets o f  black pepper was s tudied and data  is presented in Tab le  14 (Fig, 7). 

fhe obse rva t io ns  on pe rcentage  o f  pl an ts  in fected and morta l i ty  rate were 

recorded  on 10, 20, 30, 40, 50 and  60 days after inocu la t ion  with



Table  14. Effect  o f  i n o c u la t i o n  with ~ : c r  r ia l  i n o c c l a n t s  on  foot  rot  i nc idence  and  in tens i ty  o f  t i s sue  cu l tu re  pl an t le t s  o f  
black  peppe r

Treatments
Plants infecteu (number '

.
Mortal i ty o f  plants (number)

10 DAI 20 DAI 30 DAI 40 DAI 50 DAI 60 DAI 10 DAI 20 DAi i 30 DAI 40 DAI
i I

50 DAI 60 DAI

M A 0P0 3(25) 4(33.3) 4 133.3) 6 (50) 6(50) 6(50) -(0) 3 (25) 4(33.3) 4(33.3) 4(33.3) 4 (33.3)

MoAP o 1 (8-3) 6(50) 8 (66.6) 12(100) 12(100) 12 (100) 1 (8.3) 2 (16.6) 7 (58.3) 9(75) 9(75) 9 (7 5)

M 0A 0P -(0) 2 (16.6) 3 (25) 3(25) 3(25) 3(25) -(0) - (0) 1 (8.3) 1 (8.3) 1 (8.3) 1 (8.3)

M qA qP o 2(16.6) 8 (66.6) 12 (100) 12 (100) 12(100) 12(100) - (0) 4(33.3) 9(75) 12(100) 12(100) 12(100)

M 0AP 1 (83) 3(25) 3(25) 5(41.6) 5(41.6) 5 (41.6) - (0) 3(25) 3(25) 4(33.3) 4(33.3) 4(33.3)

M A 0P 1 (8.3) 2(16.6) 2(16.6) 2 (16.6) 3(25) 3 (25) 1 (8.3) 1 (8.3) 2(16.6) 2(16.6) 2(16.6) 2(16 .6)

M A P 0 3(25) 1 5(41.6) 5 (41.6) 7(58.3) 7(58.3) 7 (58.3) 2(6.6) 2 (16.6) 2(16,6) 3 (25) 6(50) 6(50)

M A P -{()) 3(25) 3(25) 5(41.6) 5 (41.6) 5 (4 1.6) M0) - (0) I (8.3) 1 (8.3) 2(16.6) 2 (16.6)

Figures  in pa ren theses  are  va lues  in p e rc e n ta ge
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Fig. 7 Effect of inoculation with microbial inoculants on foot rot infection of tissue culture plantlets
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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 o f 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



I 'hy lopluhora  capsici.  On  lO1'1 day o f  inoculat ion ,  l imited n u m b e r  o f  plantlets  

showed /'. caps ici  infection. Plants ,  which  received A M P  inocu la t ion  alone, 

and the t reatment  M A P () recorded the num ber  o f  infected p lant s  as three each, 

whereas  t rea tments  MoAPo, M»AP and M A 0P s how ed  infected plant  o f  one 

each. None o f  the plants in M ()AoP and  M A P  t rea tm ents  s h o w e d  infection. 

C ontrol  recorded 2 in fected plant s  (Table  14 and Plate 14). By 2 0 lh day. the 

infection rate further  increased.  The  control r ecorded  66.6 per  cent infection 

whereas  MAoPo, M (IAPo and MoAoP showed  33.3.  50.0 and 16.6 per  cent 

infect ion respectively.  The dual inocu la t ion t rea tment .  M A ()P recorded  a low 

infect ion rate o f  16.6 per  cent  (Plate 15) fo l lowed by MoAP wi th  25.0 per 

cent and MAPo with 41,6 per  cent.  The com bina t ion  invo lv ing  all the three 

organ isms  (M A P )  recorded an infect ion rate o f  25.0 per  cent  (P la te  16). The 

.U)1'1 day obse rva t ion  showed  s im ila r  rate o f  infect ion in t reated plants 

whereas  in control  100,0 per  cent  in fec t ion wais not iced.  In t rea tment  with 

Azosp ir i i l um  a lone also the infec t ion rate reached 100.0 per  cen t  by 4 0 lh dav 

I Plate 17). while  other  inoculat ion  t rea tm ents  m ain ta ined  a low infect ion 

percent,  fhe  lowest  rate o f  16.6 per  cent  in fect ion wfas r eco rded  in M A (,P 

followed by t rea tment  with P s e u d o m o n a s  a lone  with 25.0  per  cent.  A s imilar  

trend with 100.0 per  cent  in fect ion in MuAPu and control ,  wi th  relative)} low 

value I or inoculat ion t rea tments  was  not iced on 50Ul day also,  fh e  6 0 11' day 

observat ion  showed  a lowest  infec t ion percent o f  25.0 in P s e u d o m o n a s  a lone 

t reatment  and MAnP followed by MqAP and MAI5 with 41 .60  per  cent  each. 

Ilte AMI'  a lone t rea tm ent  recorded  infect ion rale o f  50 per  cent  (Plate IX) 

while  MAPo recorded 58.3 per  cent.  A m o n g s t  the mic robia l  inoculants .  

P se udom onas  or  its com b ina t ion  wi th  other  m icrob ial  inocu lan ts  consis ten t ly  

showed relat ively low infect ion rate. Simi lar ly  m ycor rh iza  a lone  or its 

combina t ion  also showed  low infec t ion rate. Trea tment  with A zosp ir i i lum  

did imi show m uch  effect on disease inc idence  when t rea ted alone.

1 lie plant  mortal i ty  recorded  on 10lh day o f  inocula t ion wi th  pa thogen 

was insignif icant  (Table  14 and  F ig .8). There  was  notable  mor ta l i ty  due to 

m lee l inn  from 2 0 1'1 day onwards.  No  mor ta l i ty  was observed in



A - Inoculated with Azospirillum, C  - C ontrol

Plate 17 Effect o f  inoculation w ith Azospirillum  
at the tim e o f  planting out on foot rot disease o f  

tissue culture plantlets o f  black pepper

M  - Inoculated w ith AM F, C - Control

Plate 18 Effect o f  inoculation with m ycorrhiza  
at the tim e o f  p lanting out on foot rot disease o f  

tissue culture plantlets o f  black pepper

A +P - Inoculated w ith Azospirillum  
and Pseudomonas, C - C ontrol

Plate 19 E ffect o f  inoculation with  
Azospirillum  and Pseudomonas at the 

tim e o f  planting out on foot rot disease o f  
tissue culture plantlets o f  black pepper

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

Plate 20 E ffect o f  inoculation with  
Azospirillum  and m ycorrhiza at the tim e 

o f  planting out on foot rot disease o f  
tissue cu lture plantlets o f  black pepper



I 'se inlomonas  a lone  and M A P  as aga in s t  33.3 per  cent  not iced  in c o n t r o l . 

Ind ividua l  inocu la t ion  wi th  A M P  and  A z o s p i r i i l u m  r e c o r d e d  25 .0  and 16.0 

per cent respec t ive ly .  The  dua l  i nocu la t ion  t r e a tm e n t  M A » P  s how e d  8.5 

per  cenl fo l lowed by M A P 0 ( 16 .6  per  cent )  and M o A P  (25 .0  pe r  cent) .  The 

morta l i ty  rate was fur ther  increased  by 3 0 lh day and the con tro l  p lan ts  

recorded  75.0 pe r  cen t  mor ta l i ty ,  w he re as  P s e u d o m o n a s  a lo n e  and MAP 

s how ed  8.3 per  cent  each.  M y c o r r h iz a  a lone  r eco rded  33.3 per  cent  vs bile 

A zosp ir i i lum  a lone  recorded  58.3 pe r  cen t  morta l i ty  (T ab ic  14). A m o n g s t  

the dual  inocu la t ions ,  M A q P  and M A P o  r ecorded  16.6 per  cent  each  and 

Mu A I* had 25.0 per  cent .  By 4 0 Ul day 100.0 per  cent  m o r t a l i ty  was  not iced  

in eonl iu l  wh ile  o ther  t r e a tm e n ts  m a in ta in e d  a s im i la r  t r end .  O n  50"’ da>. 

the lowest  in fec t ion  percent  was in M<>AoP (8.3)  fo l low ed  by M A P  (16.6)  

aga ins t  100,0 per  cen l  in cont ro l .  A m o n g s t  the ind iv idua l  i nocu la t ion ,  

MuAPri r ecorded  a h igher  m or ta l i ty  ra te  o f  75 per  cent  w'hereas  MAuPe had 

ft . ' !  per  cent  morlal i ty .  A m o n g s t  the dual inocu la t ions ,  MAnP recorded

16.6 p o  cent m or ta l i ty  fo l lowed  by MoAP with 33.3 (Plate  f0 )  and MAP,, 

with 5o per  cent  (Plate  20).  The  morta l i ty  rate r ecorded  on 6 0 ’1' day did not 

di ffe r  f rom that  r eco rded  on 5 0 lh day (T ab le  14). A m o n g s t  the 3 m ic rob ia l  

m o c u h m ls  tested,  P s e u d o m o n a s  r eco rded  the lowes t  m o r ta l i ty  w hereas  it 

was inocu la ted  s ingly or in c o m b i n a t i o n  wi th  others .  S im i la r ly  A M P  

alone or  in c o m b i n a t i o n  also s h o w e d  re la t ive ly  low morta l i ty .  

A z o s p i r i i l u m  was not  that m uch  e ffec t ive  in supp res s ing  foot  rot d i sease  

c o m p a red  to P s e u d o m o n a s  and  A M F .

4.4 S E L E C T I O N  OF H O S T  P L A N T  FO R  A G R O B A C T P R 1 U M  

R I I I / O G E N E S  M E D I A T E D  R O O T  T R A N S F O R M A T I O N  FO R A M F 

P R O D U C T I O N

4.4.1 S e lec tio n  o f  h ost p lan t

Sensitivity o f  different host plants such as cucumber (C u a tm i s  sativus).  

lomalo  { l .yeopers ic on  e s c u l e n l u m ), p igeon  pea ( C a j a o u s  ca jan) .  

s ty losan ih es  {S ty loson lhes  sp. )  and  b lack  p e p p e r  (Piper  n i g r u m )  were



I ;ii>Ic I >. Sens i t iv i ty  o f  d i f f e ren t  p lan t  species  to in fec t ion  an d

transformation for hairy root formation by A grobac te r ium rhizogene.s

Most plant

T im e  t a k e n  for root  f o rm a t ion

24 hrs 48 hrs 72 hrs 1

N u m b e r  
o f  roots

Root
leng th
(cm)

N u m b e r  
o f  roots

Root
length
(cm)

, Root  
N u m b e r  . .

lenutn j ol roo ts  , - !
(cm)

( 'ucimihei 2 0.5 5 1.5 8
|

IS g e n u  p ea * - 1 0.5 ___ J

3 ' 0.5 'T om a to 1 0.3 2 0.5

Nlylosanlhus - - - -

Black peppe r - - - - 1 I



tested 1111 A . r h i z o g c n e s  in fec t ion  and  t ra n s fo rm a t io n  and d a ta  p resen ted  in 

Table  15 Af ter  inocu la t i on  wi th  A. rh i z o g e n e s  the root  in i t i a t ion  in the 

area upto 1 cm above  the po in t  o f  inocu la t ion  in the s tem w a s  m o n i to re d  at 

24, 48 and 72 hours  a f te r  inocu la t ion .  A f te r  24 hours .  2 roo ts  wi th  0.5 cm 

length were not iced in c u c u m b e r  and  in t om a to  1 root  o f  0.3 cm length 

was obse rved .  Other host plan ts  tested did not  show  any roo t  in i t ia t ion  in 

first 24 It ours .  A f te r  48 hours ,  there  were 5 roo ts  with an a ve rage  length 

o f  1.5 cm in c u c u m b e r  a lo ng  wi th  root  in i t i a t ion in leaves .  In tom a to .  2 

roots with 0.5 cm were no t iced .  In p igeon  pea also one  roo t  wi th  0.5 cm 

length was obse rved .  S ty lo san thes  and  black pe p p e r  did not  show any 

roui ini t ia t ion.  Af te r  72 hours ,  there  were  8 roots  wi th  3 cm length in 

c u c u m b e r  and  to m a to  recorded  3 roo ts  with 0.5 cm length ,  wh ile  pigeon  

pea bad I root with i cm length. S ty losan thes  and  black pe p p e r  did not 

show any root  ini t ia t ion  at 72 hours  a lso.  A m o n g s t  the 3 p lan t s  dial 

showed  loot in i t i a t ion  c u c u m b e r  s h ow e d  m a x i m u m  bairv root  fo rm a t ion  in 

the s tem The  root in i t i a t ion  from the l ea f  was not iced  on ly  in cu c u m b e r .  

Hence. c u c u m b e r  was se lec ted  for fur ther  s tudi es  on dual c u l tu r ing  with 

in vcon  li i / a  ( Plate 2 1).

4,4 .2  In o cu la tio n  w ith  A M F

Alter  c lear ing  the pa th ogen ,  the p lan ts  were m a in ta in e d  in roo t ing  

m ed ium  ( H a l f  MS with roo t ing  h o r m o n e ,  IBA) and  in o cu la te d  with surface  

s te r i l i zed spores  o f  G lo m u s  m o n o s p o r u m .  The in fec t ion  and  co lo n iz a t io n  

n f  m u i m h i z a  could  not be ach ie ve d  s ince  none o f  the p lan t s  su rv ived  

beyond e igh teen  days. The  a t t em pts  m ade  to e s tab l ish  the  plan t  in out  

duoi  e ond i l ion  in m ed ia  such as s te r i l iz ed  ve rm icu l i t e ,  soil  rite, sand,  

verm icu l i t e  -  per l i te  mix .  v e rm icu l i t e  -  sand  mix  also fai led  to ach ieve  

e s t a b l i shm e n t  o f  the p lan t  (P la te  22).  The  separa ted  roo ts  c u l tu red  in the 

loo t ing m ed ium  also did not  m ult ip ly  even  af ter  three mon th s .  The  spores  

1 in (ciliated in such roots  in root  cu l tu re  m ed ium  though  ge rm ina ted ,  

in fee I inn and co lo n iz a t io n  did not  t ake  place.



DISCUSSION



5. D IS C U S S IO N

The bene fic ia l  o rg an i s m s  such as A M F ,  A z o s p i r i l l u m  and 

f luo re sc e n t  p s e u d o m o n a d s  are well  r ecogn ized  for their  p o s i t i v e  inf luence  

on nu tr i t i on  and hea l th  o f  crop plants .  There  are c o m m e n d a b l e  am o u n t  o f  

w ork  in o rder  to exp lo i t  these benefi c ia l  m ic roo rgan  isms for g rowth  

im p r o v e m e n t  and d i sease  m a n a g e m e n t  o f  crop p lan ts  (O kon .  1085:'  

Pacovsky,  1985; Joseph,  1997; Agui lc ra -G omez  el al.,  1999; Sivaprasad et a!.. 

1999b;  Pal el a ! ., 2001;  Heera ,  2002 ;  Bal iah  et al . ,  2003) .  H o w e v e r ,  the 

a t t em pts  m ade  to exp lo i t  these  o rgan i sm s  for  the benefi t  o f  

m ic r o p ro p a g a te d  p lan t le t s  are very m eager .  I nves t iga t ion  was unde r taken  

to tes t  the effec t  o f  inocu la t i on  wi th  A M F ,  A z o s p i r i l l u m  and  f luorescen t  

p s e u d o m o n a d s  on surv iva l ,  g row th  and  inc idence  and in tens i ty  o f  foot rot 

d i sease  in m ic r o p ro p a g a te d  p lan t le t s  o f  b lack  pepper .  R e s u l t s  pe r t a in ing  

to these  s tudies  are d i scussed  he reunde r .

The  inocu la t i on  with m ycor rh iza l  fungi  and P s e u d o m o n a s  e i ther  

a lone  or  in c o m b in a t io n  wi th  o ther  o rg an i s m s  gene ra l ly  im proved  the 

surv iva l  ra te  o f  b lack  pe p p e r  p lan t le t s  dur ing  the h a rd e n i n g  phase.  

Inocu la t ion  wi th  P s e u d o m o n a s  re su i ted  in 100 per  cen t  surv iva l  o f  

p lan t le t s  fo l low e d  by A M F  wi th  83.3 per  cent surviva l  aga ins t  66 .6  per  

cen t  reco rded  for contro l .  In the p re s e n t  s tudy,  though  m y c o r r h iz a  is well 

recogn ized  for a id ing  in the surv iva l  and  g rowth  o f  t is sue cu l tu re  plant le ts .  

P s e u d o m o n a s  s h ow e d  a re l a t ive ly  h ighe r  surviva l  rate than  m yconh i / . a l  

fungi.  It is k n o w n  that  the e n d ophy t i c  type P s e u d o m o n a s  b r ings  about  

series o f  phys io log ica l  and b iochem ica l  changes  in the hos t  p lant ,  which 

favours  the d i sease  re s i s tance  and g row th  o f  host  plan t  (Bur r  el al. .  1978: 

KJoepper  et a I.. 1980a;  Raaska  et a I., 1993; S e h in d e r  el a I ., 19o4 : 

Def re i ta s  et a!.. 1997; Paul  ei al. ,  2001 ,  2002,  2003) .  Fur the r ,  the g rowth  

ho rm o n e s  p ro d u ce d  by P s e u d o m o n a s  he lp s  in the ear ly  root  in i t i a t ion  and 

d e v e lo p m e n t  o f  crop p lan ts  (D ef re i t a s  and G erm ida ,  1992;  Gl iek ,  1995;



Aisliikl and  F r a nkcnbe rge r ,  1998;  N o w a k ,  1998;  J o s e p h  et al . ,  2003) .  

I ' . seut lnmnnas j l u o r e s c e n s  i so la te  P - l  u se d  in the p resen t  i nves t iga t ion  is 

an e n d o p h y t i c  type o f  bac te r i a  c a p ab le  o f  p ro d u c in g  h i g h e r  l evel s  o f  IAA 

(Sivapius i td  et a l 2 0 0 3 ) .  These  de s i r a b le  t ra i ts  o f  the pa r t i c u l a r  o r g a n i s m  

might have  he lped  in the s u rv iva l  an d  e s t a b l i s h m e n t  o f  p lan t le t s  in the 

h a rd e n in g  phase.  The  in f luence  o f  m y c o r r h i z a  on su rv iv a l ,  e s t a b l i s h m e n t  

and g rowth  o f  t issue  cu l tu re  p lan t le t s  have  been  wel l  d o c u m e n t e d  in 

c a ssava  ( t ' a l d e r o n  et al . ,  2001) ,  suga rc a ne  (G osa l  et al . ,  2 0 0 1 ) ,  s t r aw ber ry  

(Tay lo r  and Har r ie r ,  2001 ;  B o r r o w s k a ,  2002 ) ,  co ff ee  ( F e r n a n d e z  et al.,  

3002) ami banana  (Jaizme-Vega et al., 2002;  Lins et al., 2003;  Tr indade et a!..

2003) .  I lie high m or ta l i ty  ra te  o f  t i s sue  cu l tu re  p lan t s  a re  a t t r ibu ted  to 

delee11 ve phys io log ica l  f ea tu res  suc h  as p o o r  d e v e lo p m e n t  o f  cu t i c le  and  

e p ic n th  ulnr w ax  on newly  e m e r g in g  l eaves  (L esham ,  1983) ,  im pa i red  

s iomninl  m e c h a n i s m  (C a p e l l ad c s  e t  al. ,  1990) ,  high t ra n s p i r a t i o n  rates  

( I ’reeee mid Sut ter ,  1991)  and  low pho to sy n th e t i c  ra tes  (Lee  et al. ,  1985). 

fl i ts leads to an  u nc on t ro l le d  wa te r  loss  f rom the  p lant  and  c o n s e q u e n t  

de hyd ra t ion  and w i l t ing  o f  the  plant .  Fu r th e r ,  the p o o r  d e v e l o p m e n t  o f  

root and  root  ha ir  a ff ec ts  the  up take  o f  w a te r  and  n u t r i e n t s  (R eu the r ,  

|9H(>), and the de fec t ive  v a s cu la r  con n e c t io n  b e tw e e n  r o o t  and  shoo t  

h inders  the t ranspor t  o f  wa te r  and nu t r i en ts  (S iv a p ra sa d  a n d  S u loc hana .  

3004) .  t h e s e  de fec t ive  phys io log ica l  f ea tu res  se r ious ly  a f f e c t  the w a te r  

pnlcnl ia l  o f  the  p lan t  and  m or ta l i ty  oc c u rs  due  to d e s ic c a t io n .  Aga in ,  

s ince the p lant s  arc ra i sed under  a sep t i c  c o n d i t io n s  an d  not  e x p o s e d  to any 

sort o f  mic ro  flora,  the  d e fense  m e c h a n i s m  o f  the p lan t  a g a in s t  the 

m ic rob ia l  Infec t ion is not  t r iggered  and  hence ,  they  are  m u c h  v u ln e r a b le  to 

mic rob ia l  infect ion.

When mycorrh iza!  c o lo n iz a t io n  takes  place ,  the h y p h a c  ramify  

inside the root cor t i ca l  r eg ion  and spread  to w a rd s  the soil  and funct ions  

s y n o n y m o u s  to root hairs  (Mi l le r  and  Ja s t row .  1990;  Berta  et al. ,  1990; 

Sche l l en lm um  et al . ,  1991).  The  hyp h a e  t ak e  up wa te r  and  nu t r i e n ts  f rom 

the soil and  t ransport  to the root  cor t i cal  r eg ion and  hence  the de f ic iency



n f  nm l  ha ir  fo rm a t ion  o f  p lan t le t s  is co r rec ted  and p r o p e r  ab so rp t ion  

mechanism is provided to the plant le ts  (Berta el a l ., 1990; Gui l lemin el id., 

1 0 0 4 ; | Imnuja et al. ,  2002) .  It cou ld  be  h y p o th e s i z e d  tha t  the  m yco r rh iz a l  

hvphae iluit ramify in the root  cor t ica l  r eg ion  m ay  b r id g e  the v a s cu la r

cn iuu  i Iluii be tw een  roo ts  and shoo t ,  as  it is k n o w n  th a t  the nu t r i en t

I ran:.put I lakes  place th ro u g h  the hyphae .  Hence ,  there  is poss ib i l i ty  for 

c u n c i  n r i ( l i e  t r anspor t  o f  w a te r  and  nu t r ien ts  f rom roo t  to shoot .  The  

p i n ‘du lug ica l  changes  due  to A M F  such as increased  pho to sy n th e t i c

a r i n i h  (S iva p ra sa d  and Rai,  1985;  S a n c h e z - B ia n c o  el al . ,  2004 )  and 

cull.im m) pl iylol iormotic  ac t iv i ty  (S iva p ra sa d  and Rai,  1987)  favour  the 

ear ly  d m e l o p m e n l  o f  roo ts  and fast g rowth  and d e v e l o p m e n t  o f  the 

plunllels  [( is k n o w n  that  A M F  induces  sys te m ic  r e s i s t a n c e  aga ins t  

pa th ogens  by t r iggering  (he p ro d u c t io n  o f  PR p ro te in s  and  pheno l ic  

e n in pu hi ids ( t i r a n d m a i s o n  c/ al.,  1993; S ivaprasad  el al. .  1995a:

t i i a i i i i i a / / i -P e a r s o n  el al. ,  1996). Th is  t rail  o f  A M F  m a k e s  the plani 

tolctani  lo pa thogen ic  infec t ion also.

Inocu la t ion  with A z o s p i r i i l u m  a lone  did not s h o w  any effect  on 

improv ing the su rv iva l  ra te  o f  plan t le ts .  A l th o u g h  there  w a s  100 per  cent  

surv ival  in t r ea tm en t  invo lv ing  P s e u d o m o n a s  a lone  c o m p a r e d  to 83.3 per 

cent  reco rded  for m yco r rh iz a  a lone ,  it is o b s e rv e d  that  a loss o f  8.4 per  

cent  was not iced du r ing  ear ly  s tages  in m y co r rh iz a  t rea tm en t .  This 

i iul icaics that  the morta l i ty  was  be fore  e s t a b l i s h in g  m y co r rh iz a l  effect  on 

host sys tem as it is k n o w n  that  m yco r rh iza l  infec t ion  and  s u b s eq u e n t  

d e v e lo p m e n t  r equ i res  a round  15 days. On  the o the r  ha nd .  P s e u d o m o n a s  is 

giving p rotec t ion  lo pl an t le t s  pa r t icu la r ly  aga ins t  p a th o g e n ic  in fec t ion 

l iom i In- t ime o f  app l i ca t ion .  Hence ,  a c o m b in a t io n  o { ' P s e u d o m o n a s  and 

A M F  may give  bel t er  p ro tec t ion  to the plant le t s .  T h e  c o m b i n a t i o n  

111\ u11 1111> ei ther  P s e u d o m o n a s  or  m yco r rh iza  a lso  reco rded  h igher  surviv al 

iale.  I lie c o m b in a t io n  o f  A z o s p i r i i l u m  and  P s e u d o m o n a s  and ihe 

t rc j lmci i l  includ ing  m ycor rh iz a  and A z o s p i r i i l u m  r eco rded  100 per  cent  

sm v iv a) each.  I lie c o m b in a t io n  in v o lv ing  A M F ,  A z o s p i r i i l u m  and



P s e u d o m o n a s  r eco rded  91 .6  per  cen t  surviva l .  M or ta l i ty  o f  8.4 per  cent  

(one  plan t)  occu r red  im m ed ia te ly  a f te r  t ransp lan t ing ;  p e r h a p s  due  to the 

unhea l thy  c ond i t ion  o f  the plant le t ,  as  it was  ev id e n t  f rom  the fact  that 

none  o f  the  r em a in in g  pl an ts  s h o w e d  sy m p to m s  o f  d e h y d ra t io n  or  

pa thogen ic  in fec t ion.  In the u n in o c u la te d  contro l  by 3 0 ,h day o f  

t r a n sp la n t ing  33.4 per  cent  p lan ts  died,  t he rea f t e r  there  w a s  no mor ta l i ty .

I his high mortal i ty during the initial s tage was  due to wi l t ing consequent  to 

desiccat ion.  In the later stage, the plant le ts might  have accl imat ized  with the 

outdoni  condi t ions  and hence there was no fur ther mortali ty  (big.  1).

I he microbial  inoculants  have  s ign if icant ly  in f luenced  the g rowth 

char' tie(eristics such  as plant  he ight ,  n u m b e r  o f  leaves, l ea f  area  and num ber  

o f  b innches  o f  t issue cul ture  p lan t le ts  o f  black pepper  du r ing  hardening  

phase.  I lie effect  on plant  he ight  was ev iden t  f rom 30 th day af te r  plan t ing.  On 

l>()lh day af ter  t ransp lan t ing  the effect  o f  microbia l  in ocu lan ts  on g rowth  

charac te r is t ic s  were m ore  p ronounced  with m ax im u m  p lant  he ight  for M AP 

fol lowed by M A ()P, A m ong  the th ree  inoculants ,  m ycor rh iza  t rea tm en t  a lone 

or in com bina t ion  with ei ther  A zo s p ir i l lu m  or  P s e u d o m o n a s  s ign if icant ly  

increased the plan t  heigh t  over  control .  Similar ly ,  A z o s p i r i l l u m  a lone  and in 

com bina t ion  with m ycor rh iz a  recorded  s ign if icant  increase in plant  height  

ovei control .  Regard ing  the num ber  o f  leaves,  a l though,  there  was no 

sign! I team d ifference,  the num ber  o f  leaves was found to increase  due  to 

s ingle  inocu la t ion or combina t ions  o f  mic robia l  inocu lan ts  ov e r  contro l  from 

lit"' dm onwards .  Similar ly ,  though  there  was no s igni f icant  effect  on 

miinhei ol branches due to inocu la t ion  with different inocu lan ts .  there  was  an 

increasing t rend with microbia l  inocu lan t  t rea tments  from 3 0 lh day after 

t ransp lant ing.  P s e udom onas  w as  found relatively m ore  s t im u la to ry  in 

branching com pared  to m ycor rh iz a  and Azospir i l lum.

Inocu la t ion  w i th  m y c o r r h iz a  e i the r  a lone  or  in c o m b i n a t i o n  with 

other  two inocu lan ts  s ign i f ican t ly  increased  the l e a f  a rea  o f  the plant le t s  

from h i " 1 day o n w a rd s  (Fig,  2). The  s ign i f ican t  e f fec t  o f  A z o s p i r i l l u m  and



I ' scu t lomonus  on l e a f  a rea  was  ev id e n t  f rom 60" '  day  o nw a rds .  The  

o b se rva t ion  recorded  oil plant growth characteristics vivid ly i nd ica ted  that 

inoL'it hit Ion wi th  A M F  r e m a rk a b ly  increased  the g r o w th  c h a ra c te r s  o f  

black pepper  p lan t le t s  in the h a rd e n in g  phase.  S im i la r ly  in f luence  o f  

/ ’ai ' ik/hiiihiiik and  A z o s p i r i l l u m  in im p r o v in g  the plan t  g row th  

c l i a iac lc r is t ics  was  ev id en t  at  all s tages  o f  o b s e rv a t io n s .  It is wel l 

d o c u m e n t e d  tha t  i nocu la t ion  wi th  a pp rop r ia t e  m y co r rh iz a l  fungus  

s ign i f ican t ly  im prove  the b io m a s s  p ro d u c t io n  (N a g a ra j a n  et al. ,  1989: 

Kum ai l  and B a la sub ra m a n ian ,  1993;  B ouche r  et a l ,, 1999;  M a th u r  and 

Vyas, 1999; G ardez i  et al. ,  2001 )  and  g r o w th  cha ra c te r i s t i c s  such as plant  

height  {Shash ik a ra  et al. ,  1999;  G ardez i  et al. ,  20 0 1 ) ,  l e a f  n u m b e r  

(A g u i l e r a - G o m e z  et al. ,  1999;  S h a s h ik a r a  et al. ,  1999) ,  l e a f  area 

( A g u i l e r a - G o m e z  et al. ,  1999;  Y a n o - M e lo  et al. ,  1999)  and  roo t ing  

(Anamln ia j  and Sar ina ,  1994;  T h a n u ja  et al. ,  2001)  o f  c r o p  plants .  The  

m y co r rh iz a  induced  im p r o v e m e n t  in p lan t  g row th  cha ra c te r i s t i c s  is due  to 

improved  nut r i en t  up take  (H ar ley  and Sm ith ,  1983;  J o s e p h ,  1997) .  w a te r  

re la t ions (Safi r  et al. ,  1971,  A l -K a ra k i ,  1998;  S a n c h e z - B i a n c o  et al.,

2004) ,  p h o to syn the t i c  ac t iv i ty  (S iv a p ra sa d  and  Rai , 1985;  C a r a v a c a  el al.,  

2003;  S a n c h e z - B ia n c o  et al. ,  2004) ,  p h y t o h o rm o n e  ac t iv i ty  (Al len  et al..  

1982; S ivaprasad  and  Rai ,  1987) and  d i sease  to le rance  (S iv a p r a s a d  et al.. 

!995h ;  Annndara j  et al. ,  1996;  Rober t ,  1998;  Kav i th a ,  2 0 0 1 ;  T h a n u j a  and 

I l egde,  2001) .

A zo s p ir i l lu m  is a  r ec o g n ize d  N bio fe r t i l i zer ,  w h ich  inc reases  plant  

growth and deve lopm ent  through  N f ixat ion and hormonal  activity  (Tien et al., 

1979; K apu ln ik  et al. ,  1985;  O kon ,  1985;  I l adas  and O k o n ,  1987;  Okon  

mu! G o u / a l e z ,  1994;  V a rm a ,  1995) . D u r in g  the ear ly  s t a g e s  o f  ha rd e n in g  

phase,  the h o rm ona l  ac t iv i ty  m ig h t  have  he lped  in the  roo t  d e v e lo p m e n t  

and p n m t h  c h a rac te r i s t i c s  o f  the p lan t le t s  and a lso  it c o n t r ib u te d  in the N 

nut r i t ion o f  the plan ts .



Plant  g row th  p r o m o t in g  rh izobac te r i a ,  P s e u d o m o n a s  f l u o r e s c e n s  

i solate  I’-1 used in the p resen t  inves t iga t ion  is k n o w n  to p r o d u c e  h igher  

levels  o f  IAA and  s t im u la te  the g r o w th  and  d e v e lo p m e n t  o f  b lack peppe r  

plants  (S iva p ra sa d  el a l 2003) ,  T h i s  desirable traits o f  P s e u d o m o n a s  

used in the s tudy migh t  have  co n t r ib u te d  in im p r o v in g  the g row th  

c h a rac te r s  o f  plant le t s .  The  e n d o p h y t i c  na tu re  o f P |  m ay  a l so  have  fur ther  

augniei i led the effect  on  growth .

I he phys io log ica l  fea tu re s  re la ted to wa te r  po ten t ia l  o f  the p lan t le t s  

such ns s tomata !  co n d u c ta n c e ,  l ea f  t e m p e ra tu re  and r e la t ive  w a te r  c on ten t  

were s tud ied  in pl an ts  i n o cu la te d  w i th  d i f fe ren t  m ic r o b ia l  inocu lan ts .  

There  was co n s id e rab l e  in f luence  on  these  p a ra m e te r s  at  d i f f e ren t  s tages  

o f  ha rde n ing  by the o rgan i sm s .  S tom a ta l  c on d u c ta n c e  o b s e r v e d  on 15 

D A T was found  rel a t ive ly  low  in m ic rob ia l  inocu lan t  t r ea ted p lan ts  

c o m p a red  lo cont rol .  O n  15th day  the s tom a ta l  c o n d u c ta n c e  was  h igh  in all 

the t rea tments  c o m p a red  to 30 th and  4 5 th day  after  t ransp lan t ing .  Th is  may be 

ilue lo the non- func t iona l  nature  o f  s tom a ta  at the ear ly  s tages  o f  plant le ts.  

As the plants acc l im at i zed  to the ou tdoo r  condi t ions,  the func t ion ing  o f  the 

s tomata gradual ly  reached  to normal  s tage  and the c o n d u c ta n c e  was  reduced  

according ly  (Fig.  3). On  15lil day, the s tomata l  c on d u c ta n c e  recorded  for 

mveoi r l i l / n  a lone  was  0,41 cm  s ' 1 ns aga ins t  0.53 cm s ' 1 r ec o rde d  for cont ro l .  

Pse ih lom onas  i nocu la t ion  s h o w e d  0,41 cm s’1 and  t r e a tm e n t  M A J ’ 

regi s te red the lowes t  va lue  o f  0 .33 cm s ' 1. T h e  r e l a t ive ly  low s tom ata l  

c on d u c ta n c e  reco rded  in m y co r rh iz a  and  P s e u d o m o n a s  i n o cu la te d  p lan ts  

may be the r e f lec t ion  o f  the t rend  in the co r rec t ion  o f  s to m a ta l  f unc t ion ing  

tak ing  place;  p e rh a p s  the bet t er  g r o w th  and  d e v e lo p m e n t  o f  the plan t  due  

to i nocu la t ion  favored the s tomata l  func t io n in g  f rom  ear ly  s tages .  On  3 0 Ul 

day,  the t r e a tm e n t  MAoPo rec o rde d  0 .18  cm  s ' 1 and  P s e u d o m o n a s  a lone  

t reatment  reco rded  0 .14  cm  s ' 1 as aga in s t  0 .23 cm  s ' 1 r ec o rde d  for contro l .  

The  t r e a tm e n ts  MAoP and M A P  rec o r d e d  0.15 and  0 .12  cm  s ' 1 

respec t ive ly .  The  rel a t ive ly  lower  va lues  r ec o rde d  for all the  t r e a tm e n t s  is 

the ind ica t ion  tha t  the func t ion ing  o f  s to m a ta  r e a c h in g  norma).



f l u o r e s c e n c e  i solate  P - l  used  in the  p resen t  i n v es t ig a t io n  is k n o w n  for 

h igher  level  o f  1AA produc t ion  {Sivapra sad  et a l 2003) .

The  da ta  r ec o rde d  for  the re la t ive  w a te r  co n te n t  for  va r ious  

mic rob ia l  inocu lan t  t rea tm en ts  fu r the r  conf i rm  tha t  the  t r e a tm e n t s  with 

mic robia l  inocu lan ts  increases  the w a t e r  up take  and  h e n c e ,  the  w'ater 

poten t ia l  o f  the plant.  T he  r e la t ive  w a te r  co n te n t  o f  t r e a te d  p lan t s  was  

c ons is ten t ly  h igher  at all s tages  o f  o b s e rv a t io n  (Fig.  4). On  120 D A T ,  the 

m a x i m u m  R W C  be in g  88 .60  p e r  cen t  r ec o rde d  for  M A P  a s  aga in s t  70.40 

pci cent recorded  for contro l .  T h i s  a m o u n t s  to 26 p e r  c e n t  increase  in 

R W t '  I liese obs e rv a t io n s  v iv id ly  s h o w e d  that  t r e a tm e n t  wi th  m ic rob ia l  

i n m u h m t s  such  as  A M F ,  P s e u d o m o n a s  and  A z o s p i r i l l u m  s ign i f ican t ly  

increase  (tie w a te r  con ten t  o f  the p lan t  th rough  e n h a n c e d  u p t a k e  from the 

g lowing  m ed iu m ,  p robab ly  due  to the  im proved  root  d e v e l o p m e n t  th rough  

i m p io w 'd  ho rmona l  ac t iv i ty  as wel l  as o the r  m e c h a n i s m s  such  as bet ter  

change  m k ine t ic s  in nut r i en t  up take  as in the case  o f  m y co r rh iz a l  sys tem 

(Berta  et a!. ,  1990;  T h a n u ja  et al . ,  2002) .  Th is  s ign i f ican t ly  h igh  w a te r  

eontenl  o f  the plan t  has  de f in i te ly  he lped  the p lan t le t s  to o v e r c o m e  the 

exces s ive  w a te r  loss and m o r ta l i ty  due  to the inhe re n t  phys io log ica l  

abe r ra t ions  and reg is te red  a h ighe r  su rv iva l  rate.

The  total  and o r th o d ih y d ro x y  (O D )  phe n o l  co n te n t  o f  the p lan t le t s  

t reated with d i f fe ren t  m ic rob ia l  inocu la n t s  was  found  s ign i f i c a n t ly  h igher  

at d i f f e ren t  s tages  o f  o b se rva t ion  (Fig.  5). The  total phe n o l  co n te n t  was 

m a x i m u m  in m y co r rh iz a  i n o cu la te d  p lan t le t s  on  60 D A T  fo l low e d  by 

d i ff e ren t  c o m b in a t io n  t r e a tm e n ts  invo lv ing  m ycor rh iza .  The  t r ea tm en t .  

M A I’ reco rded  67 ,33 g g  g ' 1 as  aga in s t  47 .83  gg  g ’1 o b s e rv e d  in contro l .  

The  increase  a c c o u n t s  to 41 .00  per  cent.  A same  t rend  was  no t iced  on  120 

DA T also.  T h e  O D  phenol  co n te n t  r ec o rde d  in all the t rea ted  p lan t s  was  

s ig n i f ic an t ly  h igher  than  tha t  o b s e rv e d  in contro l  on  6 0 '1' and  120 '1' day 

af ter  t ransp lan t in g .  A m o n g  the th ree  o r g a n i s m s  tes ted ,  the effec t  o f  

Psei i t lomonas  was  m a x i m u m  fo l lowed  by A M F  and  A z o s p i r i l l u m .  The



c o m b in a t io n s  fu r the r  inc re ase d  the e ff ec t  and  M A P  rec o rde d  44 .16  pg g ' 1 

as a g a in s t  16.66 fig g ' 1 r ec o rd e d  in con tro l .  A s im i la r  t r e n d  w as  n o t iced  on 

12011' day also.  The  o b s e rv a t io n s  c le a r ly  s how e d  that  t r e a tm e n t  with 

mic rob ia l  i nocu la n t  s ig n i f ic an t ly  increased  total  and O D  p h e n o l  c o n te n t  o f  

p lan t le ts  c o m p a r e d  to con tro l  t r ea tm en t .  The  p lan t le t s  d e v e lo p e d  in 

asep t ic  c o n d i t ions  are no t  e x p o s e d  to in te rac t io n  with any  m ic r o o rg a n i s m  

and lie nee, the d e fense  m e c h a n i s m  o f  the p lan t le t s  w a s  not  t r igge red  

(S iv a p ra sa d  and  Su lo e h an a ,  2004) .  Th i s  m ay  be  the r e a s o n  for  a very low 

pheno l i c  co n te n t  pa r t icu la r ly  O D  phe n o l  no t ic ed  in the p l a n t l e t s  at ear ly  

s tages.  In the case  o f  p lan ts  i nocu la ted  w i th  m ic rob ia l  a g e n t s  go t  an ear ly  

o p p o r tun i ty  to in te rac t  wi th  m ic r o o rg a n i s m s  and  t r igge red  the defense  

m e c h a n i s m  o f  the plant .  Th is  led to p r o d u c t io n  and a c c u m u la t io n  o f  

phe no l i c  c o m p o u n d s  pa r t icu la r ly  O D  phenols .  The  h igh  va lu e s  o b s e rv e d  in 

I ' se tt i l tunonas  i n o cu la te d  pl an ts  can  be a t t r ibu ted  to e n d o p h y t i c  na ture  o f  

o r gan i sm  used in the s tudy.  The  o r g a n i s m  invades  root ,  s h o o t ,  fo l iage  and  

oilier purls  o f  the p lan ts  and  p ro d u c e s  a sp e c t ru m  o f  c o m p o u n d s  and 

induces  sys te m ic  res i s tance  in the p lan t  by the p r o d u c t io n  o f  de fense  

rela ted c o m p o u n d s  i nc lud ing  p h e n o l i c s  ( T u z u n  and  K lo e p p e r ,  1995; 

H a l lm an  et al. ,  1997; B e n h a m o u  and  Nico le ,  1999;  M a n j u l a  el al. ,  2002) .  

ll is well  d o c u m e n t e d  tha t  m y c o r r h iz a  in vades  root  cor t i ca l  r eg ion  which  

leads to ISR ( In d u c e d  S ys tem ic  R es i s t a n c e )  in p lan t s  as in the  case  o f  

P s e u d o m o n a s  by the p ro d u c t io n  o f  de fe nse  rela ted c o m p o u n d s  i nc lud ing  

phenol  it s by the host  p lan t  ( G r a n d m a i s o n  et al . ,  1993;  S i v a p ra s a d  et al. ,  

1996m ( U u n in a z / i -P e a r so n  et al . ,  1996) .  T h e s e  c h a ra c te r i s t i c s  o f  the 

oiganis ii i  r esu l ted  in h ighe r  ph e n o l i c  a c c u m u la t io n  in p lan t le t s .

I he total  so lub le  p ro te in  o f  the  p lan t le t s  w a s  s ign i f ican t ly  

iiilluciu e d  by inocu la t ion  with d i f f e re n t  m ic rob ia l  inocu la n t s  (Fig. 6). 

A m ong  4 the three o r g a n i s m s  tes ted ,  P s e u d o m o n a s  r eco rded  the m a x i m u m  

so lub le  pro tein con te n t  wi th  456 .0  p g  g‘’and  701 .6  pg  g ' 1 as  aga in s t  291 .6  

and 351.6 pg  g ' 1 recorded for control  t reatment  on 60 and  120 DAT



respectively.  This  was followed by A zosp ir i l l um  and A M F. T h e  c o m b i n a t i o n s  

o f  ium' i ilnnts fur ther  a u g m e n ted  the resul ts .  The  s o lu b le  p ro te in  pool  

c om p r i se s  PR p ro te ins ,  va r ious  e n z y m e s  and  o the r  p ro te in  m a e r o m o l e e u l e s  

syn thes ized  by the plant .  In the  p resen t  i n ves t iga t ion  P s e u d o m o n a s  

l ieii lmvnl resu l ted  in m a x i m u m  pro te in  conten t .  Th is  c o u ld  be a t t r ibu ted  

lo many factors  such as be t t e r  nu t r i t i on  o f  the plant ,  bac te r i a  induced  PR 

prolein syn thes i s  and  the d i s t r ibu t ion  o f  bac te r i a  in the  p lan t  system, 

f ’u ' ih tont imas  is wel l r ec ogn ize d  for  induc t ion  o f  PR p r o te in  syn thes i s  in 

planl  svstem ( K lo e p p e r  et al . ,  1980a;  R a a s k a  et al. ,  1993;  Def re i ta s  et al.,  

1997; Paul et al. ,  2003) .

The  h ighe r  p ro te in  level in A z o s p i r i l l u m  sy s tem  m ay  be du e  to the 

fuel dial o r gan i sm  f ixes N and  hence ,  im prove s  N n u t r i t ion  and pro tein 

conic  ill o f  the plant .  Fu r ther ,  the  be t t e r  roo t  d e v e lo p m e n t  and increased  

uptake  o f  soil nu t r ien ts  m igh t  have  also co n t r ib u te d  to high pro tein  

contenl  o f  the plant ,  Increased up take  o f  soi l  nu t r i e n ts  e s p e c i a l l y  K favour  

the rapid tu rn o v e r  o f  ino rgan ic  N  into p ro te in s  ( K o c h  and  M a nge l .  1974). 

The m yco r rh iza l  a s soc ia t ion  is k n o w n  to increase  the  p ro te in  co n te n l  o f  

the plant  and s u g ge s te d  at the be t t e r  nu t r i t i on  and i n d u c t io n  o f  sys tem ic  

re s i s tance  wi th  PR pro te in  syn thes i s  and o ther  r e la te d  sy s te m s  may 

con tr ibu te  in inc reas ing  the  so lub le  p ro te in  ( G ra n d m a is o n  et al., 1993; 

Uitminu/ .z i -Pearson et al . ,  1996) .  T h e  m a x i m u m  level o f  so lub le  p ro te in  

o bse rved  in c o m b in a t io n  invo lv ing  all the  three o r g a n i s m s  m ay  be the 

r ef lec t ion o f  add i t ive  e ff ec t  o f  the o rgan i sm s .

I r ea tm en t  w i th  m ic rob ia l  i nocu la n ts  genera l ly  im p r o v e d  the 

c a rbohyd ra te  con te n t  o f  the plan ts .  M a x i m u m  c a rb o h y d ra te  con te n t  was 

recorded  by A M F  and the  increase  was  s ign i f ican t  over  c on t ro l ,  fo l low ed  

by A z o s p i r i l l u m  and P s e u d o m o n a s .  The  c o m b i n a t i o n s  o f  i n o c u la n t s  fu r ther  

increased the effect .  It is k n o w n  that  h igher  c a rb o h y d ra te  co n te n l  is the 

r e l i e d  ion o f  high pho tosyn the t i c  rate. M ycorrh iza l  a s s o c i a t i o n  im proves  

the ca rbon  d iox ide  f ixat ion rate  and  inc reases  the c a rb o h y d ra te  con ten t  o f



(lie plains (Harley and Smith,  1983; Sivaprasad and Rai,  1985; Rao and Rao. 

1998; Davies et al., 2002;  Sivaprasad and Sulochana ,  2004),  Al len  et al. 

(1981)  a t t r ibu ted  m yco r rh iza l  e n h a n c e m e n t  o f  p h o to s y n th e t i c  ra te  as a 

co n s e q u e n c e  o f  r educ t ion  in s tom a ta l  r es i s tance ,  as o b s e rv e d  in the later 

phase o f  ha rd e n in g  in the  p r e s e n t  s tudy,  and  m e s o p h y l l  r e s i s tance  to 

carbon d iox ide  up take  and increased  ch lo rophyl l  con ten t .  The  bet ter  

I m i t a t i o n  and r esu l ta n t  l ea f  a rea  inc re ase  in pl an ts  a lso favour s  be l te r  

pho to syn the s i s  ( S ne l lg rove  et at. ,  1982).  Re la t ive ly  h i g h e r  ca rb o h y d ra te  

conten t  obse rved  in A z o s p i r i i l u m  and  P s e u d o m o n a s  t r e a tm e n t s  cou ld  be 

a t t r ibu ted  to bet t er  nu tr i t i on  and  h o rm o n a l  ac t iv i ty  ( O k o n ,  1985;  l l a d a s  

and ( ik on ,  1987;  l ia aska  et al. ,  1993;  Gl ick et al. ,  1994;  A rs h a d  and 

F rankcube rge r ,  1998) .  Th i s  w as  a lso  e v id e n t  f rom the  d a ta  r e c o rd e d  in the 

present  s tudy  that  these  m ic r o s y m b io n t s  im prove  the  root  d e v e lo p m e n t  

and the g row th  and  d e v e lo p m e n t  o f  the plant .

The  s tudy  c o n d u c te d  to tes t the effec t  o f  i nocu la t ion  wi th  mic rob ia l  

i nocu lum s ,  viz. ,  A M F ,  P s e u d o m o n a s  and  A z o s p i r i i l u m  on foot  rot  di sease  

incidence  and  in tens i ty  ind ica ted  tha t  the a s soc ia t ion  o f  A M F  and 

P s e u d o m o n a s  r e m a rk a b ly  im p ro v e d  the to le rance  o f  p lan t le t s  to di sease  

and b m u g h t  d o w n  the inc idence  and  in tens i ty  o f  d i sease  (F ig.  7). On  3 0 lh 

da \  ol inocu la t ion  with the pa thoge n ,  all the cont ro l  p lan t s  (100 .0  per  

cent) were in fec ted  as aga ins t  3 (25 .0  per  cen t)  and  4 (33 .3  pe r  cent)  

recorded  lor P s e u d o m o n a s  and A M F  respec t ive ly .

I lie morta l i ty  o f  the p lant s  a lso rem a rka b ly  r ed u c e d  due to 

inocu la t ion  wi th  m y co r rh iz a  and  P s e u d o m o n a s  e i the r  s ing ly  or  in 

c o m b ina t ion .  All the con tro l  p lan t s  su c c u m b  to the d i se a s e  by 4 0 l1' day. 

whereas  it was  8.3 per  cent  in P s e u d o m o n a s  and 33.3 per  cenl  in 

m yco r r t i i / a  t rea tm ent .  The  c o m b in a t io n  o f  m yco r rh iz a .  P s e u d o m o n a s  and 

A z o s p i r i i l u m  s how e d  8.3 per  cent .  These  o b s e rv a t io n s  v iv id ly  ind ica ted 

the po ten t ia l  abil i ty  o f  A M F  and  P s e u d o m o n a s  to i m p a r t  to le r an c e  in 

t issue cu l tu re  p lan t le t s  o f  black pe p p e r  aga ins t  foot  rot in fec t ion  and



umtlal ilv A z o s p ir i l lu m . though  im prove d  the g rowth  and  d e v e lo p m e n t  o f  

llir p l anh  did not s how  m uch  effec t  in r ed u c in g  d i sease  inc idence .  The 

h i m  o n  hi /a l  a s soe ia l ton  impar ls  to le rance  aga ins t  root  p a th o g e n s  and 

p iohTp ,  llie plmils  aga ins t  pa thogen ic  in fec t ions  ( l ) e hne .  1982; 

Sivapra sad ,  1995b;  Azcon-Agi i i l a r  and  Barea,  1996; C o r d i e r  el al.,  1996; 

Joseph .  1997; Kavi tha ,  2001) .

M e c h a n i s m s  o f  d i sease  cont ro l  by m yco r rh iza l  a s so c i a t i o n  include  

c om pe t i t ion  for in fec t ion  site and hos t  p ho to syn tha te s  ( A z c o n - A g u i l a r  and 

Barca.  1996), increased  nu t r i en t  s ta tus  o f  host  plant  ( D e h n e .  1982: Hussey  

and Kuncodor i ,  1982) , m o rp h o lo g ic a l  (Bert a  et a l . ,  1993)  and 

phys io log ica l  cha n g es  in hos t  roo t  ( S ne l lg rove  et a!., 1982)  -  increased  

e thy lene  p roduc t ion  and  D N A  m ethy la t ion  by V A M  roots  ( D u g a s s a  ei a!.,

199(0,  ch a n g es  in r h iz osphe re  m ic r o f lo ra  ( A z c o n - A g u i l a r  and Barea.  

1990)  and  ac t iva t ion  o f  de fense  m e c h a n i s m s  o f  hos t  p lan t  l ead ing  to 

hype rsens i t ive  response  (H R )  (U knes  et al., 1996) , a c c u m u la t io n  o f  

.secondary m e ta b o l i te s  such as phy to a le x in s  (H ar r i son  and  Dixon .  1993) 

and p h e no l i c s  ( G r a n d m a is o n  et al., 1993;  S iva p ra sa d  et al., 2 0 0 0 )  and 

p roduc t ion  o f  e n z y m e s  inc lud in g  PR p ro te ins  ( G i a n i n a z z i -P e a r s o n  et al..

1996)

S im i la r ly ,  f luorescen t  p s e u d o m o n a d s  are w e l l - r e c o g n iz e d  biocontrol  

agents  effectively used against most  o f  the fungal  and bacter ia l  diseases  

H lowr l l  and St ip.movie, 1979; Kloepper  el al., 1980a; LifshiLz et at.. 1987:

1 aha and Verma,  1998; R a n g c s h w a r a n  and  Prasad,  2 0 0 0 ;  l l cc ra .  2002 ;  

Sivnprmnid. 2002 ;  M e ena kum ar i  et a l.,  2003) .  M a jo r  m e c h a n i s m s  

invo lved are  s ide ropho re  p ro d u c t io n  (R a a sk a  et al., 1993) ,  an t ib io t ic  

p roduct ion  {Schimler  et al., 1994) , m ob i l i z a t i o n  o f  P ( D o f n e t a s  et al..

1997). inh ib i t ion  o f  e thy lene  syn thes i s  and  thus im p r o v in g  p lan t  g row th  

(( i l ick c/ (//., 1994) ,  and p ro d u c t io n  o f  g rowth  s t im u la t in g  p h y t o h o r m o n e s  

(Arshad  and F rankenbe rge r ,  1998) . The  m y co r rh iz a  and  P s e u d o m o n a s  

used in the p resen t  inves t iga t ion  are  k n o w n  for thei r  po ten t ia l  to suppre ss



I'uol ml  pa th ogen .  P h y to p h th o ru  c a p s ic i  (Robe r t .  1998; S iv a p ra s a d  et al.. 

2D0I): S ivaprasad  et al., 2003) .

I he t is sue cu l tu re  p lan t le t s  d e v e lo p e d  under  a sep t i c  c o n d i t io n s  are 

highly vu lnerab le  lo pa thoge n ic  in fec t ion ,  as the i r  d e fe n s e  m e c h a n i s m s  

have mil been t r iggered  ear l ier .  The  inocu la t i on  wi th  m y c o r r h iz a  and 

I 'w u d o m o n a s  s t im u la te  the d e fense  sys tem  o f  the plan t  at ea r ly  s tage  and 

induces  sys te m ic  re s i s tance  aga ins t  the pa thogens .  T h e s e  factors might  

have con t r ibu ted  in ach iev ing  h igher  level  o f  p ro tec t ion  aga in s t  foot rot 

in fec t ion  and  m or ta l i ty  in t is sue  cu l tu re  p lan t le t s  o f  b lac k  pepper .  Hence .

I lie com [lined app l i ca t ion  o f  m y co r rh iz a  and P s e u d o m o n a s  wi ll  ensu re  

p ro lee l ion  aga ins t  d i sease  and  be t t e r  g rowth ,  d e v e lo p m e n t ,  surviva l  and 

es lah l is l iment  o f  black pe p p e r  plan t le ts .

I lie sens i t iv i ty  o f  plan t  ge no type s  to A. r h iz o g e n e s  in fec t ion  and

I I ansi m tmilion var ies .  In order  to d e v e lo p  A M F  p r o d u c t io n  t e c h n o lo g y  in 

i ium . io imed  root  cu l tu re ,  a s ens i t iv e  hos t  p lan t  is highly es sen t ia l .  In the 

p icscn i  inves t iga t ion  five plant  species ,  viz., c u c u m b e r  ( C u m m i s  sa tim is ) .  

tmmiin 1 1 \ i't>pcrsii'on e seu le n tu m ) ,  p igeon  pea [C a ja n u s  ca jun ) .  

■;Iv lo'iiinllies (S ty lo sa n th e s  sp. )  and black pepper  (P ip e r  n ig ru m )  were 

tested lor 4. r h iz o g e n e s  in fec t ion  and hairy root  fo rm a t ion .  A m o n g s t  the 

l ive plant s  tes ted ,  c u c u m b e r  s h o w e d  roo t  ini t ia t ion  above  the inocu la t ion  

poml on I lie s tem within 24 hours  o f  e x p o s u re  lo A. rh izo g en es .  The  root  

ini t ia t ion and e longa t ion  was  c o n t inue d  in c u c u m b e r  and  w i th in  48 hours  

five roots  wi th  an average  length o f  1.5 cm  was  not iced  in I cm area 

above  the inocu la t ion  point .  A l th o u g h  p igeon  pea and t o m a t o  also s how ed  

root  in i t ia t ion ,  it w as  no t  as in te ns iv e  as c u c u m b e r .  T h e  o th e r  tw o  crops  

did no I respond  to A. r h iz o g e n e s  i nocu la t ion .  The  root  in i t i a t ion  from 

leaves a lso  no t ic ed  in 48 hours  in cuc um be r .  The  o b s e rv a t io n s  v iv id ly  

s h o w e d  that  c u c u m b e r  is h ighly  sens i t iv e  to A. r h iz o g e n e s  in fec t ion  and 

Irans fo rm at io n  c o m p a red  to o ther  p lants ;  p e rh a p s  c u c u m b e r  is a sens i t ive  

host  lor the pa thogen .  The  shy roo t  in i t ia t ion  and very s low  g row th



no I iced in lomato  and p igeon  pea  ind ica te  that  they  are not  sens i t ive  hos ts

lot I i iiizogeitvs: perhaps tolerant to the pathogen. Stvlitsantltes and

black peppe r  may be resi s tant  to in fec t ion  and su b s e q u e n t  t r a n s fo rm a t ion .  

1 here is no record o f  w o rk  to suppor t  this  in fo rm a t ion .

S tud ies  to e s tab l ish  dua l  cu l tu r ing  wi th  A M F  w a s  c o n d u c te d  on 

t ran s fo rm ed  roo ts  and who le  plant .  The  separa ted  roots ,  a f t e r  c l e a r in g  the 

p a thogen ,  d id  no t  show  roo t  e lo n g a t io n  in the root  cu l tu re  m ed ium .  The  

spore s  placed for co lo n iz a t io n  in the roo t ,  t h o u g h  g e rm i n a t e d  did not 

infect and es tab l i sh  c o lon iz a t ion  in the  root.  T h e  reasons  for  such fai lure  

o f  root m u l t ip l ic a t ion  and c o lon iz a t ion  need  to be fu r the r  inves t ig a ted  

I he phys io log ica l  cond i t ions  and  nut r i en t  c onc en t ra t ion  o f  the m ed ium  

and the root  m ay  not favor  the in fec t ion.  Hence ,  fur ther  s t a n d a r d iz a t io n  is 

requi red.  The  a t t em pts  m ade  to e s tab l ish  the plant  in g r o w i n g  m ed ium  

also did not succeed .  With in  20 days  o f  p lan t ing ,  the p l a n t s  died  due  to 

wil l ing 1’his may he due to som e  phys io log ica l  ch a n g es  b ro u g h t  abou t  hy 

,1 r h izo g e n e s  in fec t ion  such  as h igher  aux in s  and  o t h e r  h o rm o n e  

c onc en t ra t io n  in the plant .  I l cnce ,  in o rde r  to a c h ie v e  success fu l  

co lon iza t ion ,  fur ther  phys io log ica l  ana lys i s  and s t a n d a r d iz a t io n  is 

ret] tiiicd
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6, SUMMARY

M ic r o p ro p a g a t io n  is one o f  the im p o r ta n t  c o n t r i b u t i o n s  o f  p lan t  

t issue  cu l tu re  to c o m m e rc i a l  p lan t  p ro p ag a t io n  and  has  m u c h  s ign i f icance  

in the rapid  p r o d u c t io n  o f  qua l i ty  p lan t ing  mater ia l .  The  m a jo r  p ro b le m  

that  l imits  the w ide  sp read  use o f  m ic r o p ro p a g a t io n  is the l o w  su rv iva l  and 

g rowth  o f  pl an t le t s  u nde r  o u td o o r  cond i t io ns .  C e r t a i n  aberran t  

phys io log ica l  f ea tu res  o f  the  p lan t le t s  of ten  lead to d e s i c c a t i o n ,  wi l t ing  

and high suscep t ib i l i ty  to pa th o g e n ic  infect ion .

In the p resen t  inves t iga t ion  a t t e m p t  was  m ade  to i n teg ra te  m ic rob ia l  

inoculum t e c hno logy  with m ic r o p ro p a g a t i o n  o f  b lack  p e p p e r  in o rde r  to 

ach ieve  h igher  surviva l ,  g row th  and  foot  rot d i sease  to le rance .  The  

mic robia l  inocu lan ts  such as A M F ,  f luo rescen t  p s e u d o m o n a d s  and 

A zo sp ir i l lu m  we re  used in the s tudy.  Inocu la t ion  w i th  d i f f e r e n t  mic rob ia l  

inocu lum s  w a s  g iven  to the t is sue cu l tu re  p lan t le t s  o f  b lack  pe p p e r  du r in g  

p lan t ing out .  The i r  su rv iva l ,  g row th  charac te r i s t i c s  and foo t  rot d i sease  

tole rance  were  m on i to red .  A  genera l  i m p r o v e m e n t  in g r o w th  and 

e s ta b l i s h m e n t  o f  p lan t le t s  was  o b s e rv e d  due  to i n o c u la t i o n  w i th  A M F .  

P s e u d o m o n a s  and  A z o s p ir i l lu m .

The t r e a tm e n ts  invo lv ing  A M F  and  P s e u d o m o n a s  e i the r  a lone  or  in 

co m b in a t io n  cons i s t en t ly  s h o w e d  r e m a rk a b ly  h ighe r  su rv iva l  rale 

c o m p a i e d  to o the r  t r ea tm en ts .  T h e  c o m b in a t io n  o f  m yco r rh iza .  

t z o s p in l lu m  and  P s e u d o m o n a s  s h o w e d  a s ign i f ican t  e ff ec t  on  su rv iva l  and  

g rowth  c h a rac te r i s t i c s  o f  p lan t le t s  suc h  as plant  he ight  and l ea f  area 

c o m p a i e d  to o the r  t rea tm ents .

I lie effec t  o f  m ic rob ia l  ino cu la n t s  on  p h y s io lo g ica l  and  

h ioehemicnl  charac te r s  o f  the p lan t le t s  w a s  also s ign i f ican t .  All the 

iicniim-iiK invo lv ing  A M F  s h o w e d  m in i m u m  s tomata !  c o n d u c ta n c e  at 

ear ly  s tages  o f  h a rde n ing  and  la ter  g radua l ly  increased  and  rec o rde d  a



m a x i m u m  va lue  oi' 0 .18 cm  s"‘ by c o m b in e d  i n o c u la t i o n  o f  the three 

m ic rob ia l  inocu lant s .

In the case  o f  l ea f  t em pe ra tu re  a lso  the t r e a tm e n ts  i n v o lv in g  A M F  

showed  rel a t ive ly  low l e a f  t em pera tu re .  The  low es t  l e a f  t e m p e r a t u r e  was  

recorded  In c o m b in e d  inocu la t ion  o f  A M F  and P s e u d o m o n a s  ( 3 2 .2 6 ° C )  on 

G da)  ■ i after  t r a n sp la n t ing  w h ic h  ind ica ted  the h igher  w a t e r  co n te n t  o f  

these  plants.

I lie re la t ive  w a te r  c on ten t  o f  the  p lan t le t s  w as  a lso  m e a s u r e d  and 

lomid that the c o m b i n e d  inocu la t i o n  o f  A M F ,  A z o s p ir i i lu m  and 

P \n u lo m o n a x  cons i s t en t ly  r eco rded  h igher  va lues  at d i f f e re n t  s tages  o f  

obse rva t io n ,

I he total pheno l  co n te n t  in p lan t  t is sues  w a s  found  to be h igh ly  

s t im u la ted  by A M F  (105 ,83  p g  g ' 1) on  120 days  a f t e r  t r a n sp la n t ing  

fo l lowed by A z o s p ir i i lu m  and  P s e u d o m o n a s .  The  h ighes t  o r th o d i h y d r o x y  

phenol  con te n t  was s h o w n  by the t r e a tm e n t  M A P  (46 .6 6  p g  g 1) on  120 

days a l t e r  t ransp lan t in g .  T he  so lub le  pro te in  and total  c a rb o h y d r a te  

content  o f  the  p ian t lc t  was  also s ign i f ican t ly  e n h a n c e d  by th e  c o m b i n a t i o n  

t rea tm ent  invo lv ing  A M F ,  A z o s p ir i i lu m  and  P se u d o m o n a s .

The effec t  o f  m ic rob ia l  inocu la n t s  such as A M F ,  A z o s p ir i i lu m  and 

P se u d o m o n a s  on  i nc idence  and  in te ns i ty  o f  foot  rot  d i s e a s e  in t is sue  

cu l tu re  plan t le t s  o f  b lack  p e p p e r  was  s tud ied .  I n o c u l a t i o n  with 

P h y to p th th o ra  c a p s ic i  was  given  to inci te  the di sease .  A m o n g  the  three 

microb ia l  inocu lan ts  t es ted ,  P s e u d o m o n a s  r ec o rde d  the  l o w e s t  m or ta l i ty  

whe the r  it was  i nocu la ted  s ingly or  in c o m b i n a t i o n  w i th  o ther s .  S imi la r ly  

A M F a lone  o r  in c o m b i n a t i o n  a lso  s h o w e d  re la t ive ly  low  mor ta l i ty ,  

A zo sp ir i i lu m  w a s  not  e f fec t ive  in s u p p re s s in g  foot  rot  d i s e a s e  c o m p a r e d  to 

P sc u ilom onus  and AM F.

I he qua l i ty  o f  A M F  inocu lum  is an im por ta n t  fac to r  in t issue 

cul tu re  use. Any techno logy ,  w h ich  he lps  to p ro d u ce  A M F  in asep t ic
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c o n d i t ions ,  wil l  be m u c h  prac t ica l  app l i ca t ion .  A t t e m p t  w a s  m ade  to m ake  

use of  t rans fo rm ed  root  cul ture  t echn ique  using A g ro b a c te r iu m  rhizogenes.

In the p resen t  s tudy  a m o n g s t  the f ive host  p lan t s  t es ted  viz.. 

cue nm her  [C ucum is  sa i iv u s ) ,  t omato  (L y c o p e r s ic o n  e s c u le n t  urn), p igeon  

pea (( '<fja n u s  e a ju n ), s ty losan thes  (S ty lo s a n th e s  sp . )  and  black pepper  

( I 'iper  n ig ru m ),  c u c u m b e r  was  m o s t  s e ns i t ive  for in fec t ion  and 

trailsl<>i m at io n  by A. rh izo g en es .  Ha iry  root  fo rm a t ion  w a s  o b s e rv e d  in 48 

hours.

A t tem p t  m ade  to c o -c u l tu re  the t r a n s fo r m e d  root  w i th  A M F  th rough  

root c o lo n iz a t io n  was  not  success fu l .  The  t r a n s fo rm ed  root  s h o w e d  on ly  an 

i iisigm I leant  e longa t ion  in roo t ing  m e d iu m  and did not  take A M P  

co lon iza t ion .

A t tem p t  m ad e  to es tab l i sh  the  t r a n s fo r m e d  p lan t s  in o u td o o r  

c o n d i t ions  also fai led.  F u r the r  s tud ies  are ne e ded  to  a na ly se  the 

phys io log ica l  r ea sons  for  the fai lure  o f  A M F  c o lo n iz a t io n  in the 

t r i insfo imed  roo ts  so as to fu r the r  s tanda rd ize  the t e c h n iq u e  to ach ieve  

co lon iza t ion .

The  p resen t  inves t iga t ion  v iv id ly  s h o w e d  that  in o c u la t i o n  with 

m ie io h ta l  in ocu lan ts  -  A M F ,  P s e u d o m o n a s  and  A z o s p ir i l lu m  -  is high ly 

In lu lu ml lo t is sue cu l tu re  p lan t le t s  o f  black pepper  and  s igni f icant  

inuci iM in surv iva l  rate, growtli  and to le rance  to foot rot  d i sease  was 

a c h i e v e d  ] lie t r e a tm e n t  c o m b in a t io n  invo lv ing  all the th ree  o r g a n i s m s  

was i w a  e ffec t ive.
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APPENDIX



A P P E N D I X  -  I 

C o m p o s i t i o n  o f  d i f f e r e n t  medio

(a> H a l f  S tr en g th  M u r a s h ig e  and  S k o o g  ( M S )  m e d iu m  ( M u r a s h i g e  a n d
S k o o g ,  1962)

Particulars Weight taken Volume 
made up

Volume-
pipetted

Snluliou A
1) Mil,(NO, 16.5 g
2) KNO, 19.0 g 250 mg 12.5 ml
3) MgSO.,. 7 H:0 3.7 g (10 x)
4) KlljPOj 1-7 §

Solution It
1) CaClj. 2H:0 8.00 g 100 ml 

(20 x)
2,5 ml

SllllllMIII ( 1
I) lU lO , 920 mg i
2) MnSi),, 4 Hit) 1.69 g 100 ml 1 ml
.1) /nS()4, 7 HjO 860 mg (100 x)
4) K1 83 mg
5) Nii,Mo04. 2 HjO 25 mg !

Solut Inti 1 *
1 1 1 eSO.,. 7M30 745 mg 100 ml 5 ml ^
.’1 Nu.I’DTA 556 mg (20 x) i

Solnl lull l;
1 1 t u(' 1 j. 6 H30 12.5 mg 250 ml 0,5 ml
21 i'iiSO,. 5HjO 12.5 mg {500 x)

Solution 1
1) (live me 200 mg I

2) Nii mine acid 50 mg 100 ml 1 ml
.1) I’yridoxine IICI 50 mg (100 x)
4) 1 limmine HCI 10 mg

limsilnl 1(10 g 
Sucrose Ul g
Agar K g



(I*) INlimishige and  S k o o g  (M S )  m e d iu m  ( M u r a s h i g e  a nd  S k o o g ,  1962)

Particulars Weight taken Volume 
made up

Volume
pipetted

Solulhm A

5) N i l , N O , 16.5 g
A) KNO, 19.0 g 250 mg 25 tnl
71 MgSO,.  7 HjO 3.7 g (10 x>
H) KINI 'O, 1-7 S

Solid ion It
3) < 'n t ’l,. 2 H : 0 8.00 g 100 ml

(20 x)
5 ml

Solution t
(1) 11,110, 920 mg
7) MnSO, . 4 INI.) 1.69 g 100 ml 1 ml
Hi / u S O , .  ? HjO 860 mg (100 x)
9 1 k 1 83 mg
MU Nil.MoO,.  2 H.O 25 mg

Solution 11
l) l e . s o , .  71NO 745 mg 100 ml 5 ml
•ll Nud.DTA 556 mg (20 x)

Solution 1
.11 ( o( 1, 6 f 1,0 12.5 mg 250 ml 0.5 ml
■1) i uSO,.  51 NO 12.5 mg (500 x)

Solution 1
5l t l l \ O ik1 200 mg
(>i Nii oline acid 50 mg 100 ml 1 ml
7 |  IN t Idoxine HCI 50 mg (100 x)
K) 1 Illumine MCI 10 mg

Inositol I (K) g 
Sue rose 10 g
Agtir 8 g



(i\| IN l i n d e n  Free  B ro m o t l iy m o l  B lu e  (N FB )  M e d i u m  (B a l d a n i  and  
D ol icre in er ,  1980)

Malic  acid 5 g
l ) ip o ta s s iu m  hyd rogen  pho s p h a te 0.5 g

M a g n es iu m  su lp ha te 0.2 g
S o d m m  ch lo r ide 0.1 g
C a lc iu m  chlor ide 0 .02  g
Trace e le m e n t  s o lu t ion 2 ml
Alcoho l i c  so lu t io n  o f
I l rorno thymol  blue  (5%) 2 ml
Fe F D T A  ( 1 .6 4 %  w/v  a q ue ous ) 4 ml

Vitamin  so lu t ion 4 ml

Po ta ss ium  hyd rox ide 4 g
Agar 1.75 g
Dis t i l led water 1 l it re
(Ml 6.8

(d)  K ing ' s  B B ro th  (K in g  et al., 1954)

P e p t o n e

D i h y d m g e n  p o ta s s iu m  p h o s p h a te  

M a g n e s iu m  su lp ha te  

( i lycerul  

Hi s t i l led water  

IM1

20 g

1.5 g 

1-5 s
10 ml 
1 litre 
7.2

(e) Yeast  Extrac t  A g a r  ( Y E A )  m e d iu m  ( R a t n a s a m y ,  1997)

Hee l ’ e x t r a c t  

Yeas  I ex I me t  

P e p t o n e  

S u c r o s e

M a g n e s i u m  s u l p h a t e  

Agar
I Hstil led water

5 g 

1 g 
5 g 

5 g
300  mg
20 g
1 l it re
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A B S T R A C T

The presen t  inves t ig a t io n  w as  unde r ta ken  to e v a lu a te  the e f fec t  o f  

inocu la t i on  wi th  va r ious  m ic rob ia l  inocu lan ts  s u c h  as a rbusc u la r  

niycoi il ii / .al  fungi  (A M F ) ,  A z o s p ir i i lu m  and f lu o re sc e n t  p s e u d o m o n a d s  in 

diffeivt il  c o m b i n a t i o n s  on  e s ta b l i s h m e n t ,  g row th  an d  f o o t  rot  to le r anc e  o f  

m ic r o p in p a g a te d  b lack  pe p p e r  p lan t le t s  and  a lso  to s t a n d a rd iz e  

I r a n s lu im e d  root  cu l tu re  t e c h n iq u e  u s ing  A g r o h a c le r iu m  r h iz o g e n e s  for 

A M f  Inocu lum p roduc t ion  in s e lec ted  hos t  plant .

A genera!  i m p r o v e m e n t  in g row th  and  e s t a b l i s h m e n t  o f  the  p lan t le ts  

was o bse rve d  due  to inocu la t ion  w i th  A M F ,  P s e u d o m o n a s  and 

A z o s p n  ilium .  The  c o m b in e d  in o c u la t ion  o f  the three m ic ro b ia l  i nocu la n ts  

show ed  a s ign i f ican t  effect  on s u rv iva l  ra te  and g ro w th  cha rac te r i s t i c s  

such as plan t  he igh t  and  l e a f  area .  The re  w as  s ig n i f i c a n t  effect  on 

phys io log ica l  and b iochem ica l  cha rac te r i s t i c s  o f  the  p lan t le t s  such  as 

s tomata l  c o n d u c ta n c e ,  l e a f  t em p e ra tu re ,  r e la t ive  w a te r  con ten t ,  total 

phenol ,  o r lh o d ih y d ro x y  ph e n o l ,  total  so lub le  p r o te in  and  total  

c a r b o h ) d r a t e  con ten t  du e  to i nocu la t ion  w i th  m ic rob ia l  i n o c u la n t s  wh ich  

Invoutcd  bet t er  su rv iva l ,  g r o w th  and  d i sease  to le rance  o f  the  p lan t le t s .  All 

the t r ea tm en ts  i n v o lv ing  A M F  s h o w e d  a  m i n i m u m  s tom ata l  c o n d u c t a n c e  at 

ear ly  s ia ges  o f  ha rde n ing  and  la ter  it w a s  s tead i ly  inc re ase d  and reached  

the m a x i m u m .  The  l ea f  t em p e ra tu re  w as  fo u n d  to d e c re a s e  due  to 

t r ea tm en ts  w i th  m ic rob ia l  inocu lan ts .  Inocu la t ion  wi th  the  o r g a n i s m s  

insul ted in cons i s t en t ly  h igh  va lues  o f  re la t ive  wa te r  c o n te n t  at  d i f f e ren t  

s tages  o f  obse rva t ion .  C o m b i n a t io n  in v o lv in g  all the th ree  o r g a n i s m s  

recorded  m a x im u m .  The  total  phe n o l  con ten t  in p lan t  t i s s u e s  w as  high ly 

s ti imrlulrd by AMF'  fo l lowed  by A z o s p ir i i lu m  and  P s e u d o m o n a s ,  The  

h i l l i o d i ln d i o x y  pheno l ,  total  so lub le  p ro te in  and  total  c a rb o h y d ra te  

4. m i  I cn I ul the p lan t le t s  were  a lso  s ig n i f ic an t ly  im p ro v e d  by  inocu la t ion  

with nil the three o rgan i sm s .  Foot  rot  d i se a se  inc idence  and in tens i ty  was



s ig n i f ic an t ly  reduced  by inocu la t ion  wi th  P s e u d o m o n a s  e i l h e r  s ing ly  or  in 

c o m b in a t io n  with others .  A M F  a lone  or  in c o m b i n a t i o n  a lso  s how e d  

r e l a l i w l y  low morta l i ty  due to foot  rot  d i sease .  A z o s p ir i l lu m  w as  not 

e ff ec t ive  in s u p p re s s in g  foot  rot di sease .  In the a t t e m p t  m a d e  to m ake  use 

ol I ran -Tunned  root cu l tu re  t ec h n iq u e  us ing  A g r o b a c te r iu m  r h iz o g e n e s  for 

AMI inocu lum  p roduc t ion ,  c u c u m b e r  was  found  as the m o s t  s e ns i t ive  host  

plant  flic c o -c u l tu r ing  o f  t r a n s fo rm ed  roo t  wi th  A M F  th ro u g h  root 

c o lon iz a t ion  was  nut success fu l .  Fu r the r  s tud ies  are  n e e d e d  to ana ly se  the 

phys io log ica l  r easons  for  the fai lure o f  A M F  c o lo n iz a t io n  in t r a n s fo r m e d  

loots .

I lie presen t  inves t iga t ion  v iv id ly  s how e d  that  i n o cu la t i o n  with 

mic robia l  inocu lan ts  -  A M F ,  P s e u d o m o n a s  and A z o s p ir i l lu m  -  is highly

heiielii  In) to t is sue cu l tu re  p lan t le t s  o f  b lack  peppe r  and  s ign i f ican t

increase in surviva l  rate,  g row th  and  to le rance  to foot rot  d i sease  was

a c h ie \ e d .  The  t r ea tm en t  c o m b in a t io n  in v o lv ing  all the t h r e e  o r g a n i s m s

was most  e ffect ive.


