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INTRODUCTION 



'1.0 meet the ful l  dierary needs of the comrnon man. tu eliminalt. 

malnutri t iol~ and cieficiency diseases and to rclieve the overstress on 

cercals.  111t.t-e is greater need for vegetables, India is giftud with varied 

agrodl imn~ic  c o ~ ~ d i t i o n s  for growing an array of vegetable crops to c o m b ~ i ~  

the present i l l  balanced diet. Of the 456 million tonnes 01' vegetables 

prod~ iccd  in thc world. India 's  share is 59 mill ion tonnes. 

~ 1 ' 1 1 ~  h o r ~ ~ c s t e ~ ~ c i s  ol' l i r ra la  h a s  immense scope Sor the cultivation 01' 

iegctublc crops. \,lost of' the bcgctables grown in Kerala are scasonal 

M'lthiri t h ~ s  very short growing period. these crops produce large amount5 

of dry mat ter  and  rznlove subslantial quantities of nutrients from the soil. 

Chilli is one of' thc most important solanaceous vegetables and 

o c c u p i t s  n pi-nmincnt plucc in thc  dietary habits of the people of Suuth 

India.  1 1  is ;in i~ id i spe l~sab le  adjunct to  thc  diet of people. Chilli i m p a r k  

p u n g e n e  to c u I i ~ ~ a r ~ -  i ter~ls and  is useful for adding rcd colour  anLi 

scasor~ ing .  I t  is :I ricli source  of i;irarnin C and  A in its fresh state. 

Being ~1 s e i i s ~ n a l  vegetable. this crop also removes  subslantiiil 

quantity of nutrients from the soil. The almost complete reliance o n  

inorganic f rtilizers i l l  crop production is known to create problems s u c l ~  

as deficiencies of' plant nutrients. disturbances in soil reaction and specific: 

conductance ,  decrcase in soil life. fall in crop productivity and  increase in 

c ~ l v i r u n ~ ~ l c n t a l  prlllution (l~hil l ips.  1972; Day er ul., 1978; Anilakumar cr ~ 1 . .  

1903; P a l : ~ ~ ~ i ~ ~ p p a n  er ( [ I . .  1995). I t  is in this context the concept ol' 

i ~ ~ t e g r a t i n g  inorgal~ic  and  bioiir t i l izers assumes importance as a means to 

achieve and sustain high produclivity in vegetables. 



The uhjcctivc is to achicvc high yield through balanced plan t  

11rltrition \vithout impairing soil health. The enlploymcnt of pl,int 

beneficial bnctcria to increase yield and to reduce the use of inorganics is 

an attraotivc development and the potential benefits may be cons~dercd  

(Schnid t .  1979).  The beneficial effects of plant growth proinoting 

rhizobactcria (PGPR) arc plant growth promotion 2nd biological control 

i ~ n d c r  field conditioi~s (Kloepper el al., 1992). I t  is wcil established that 

several PGPR, espccialip fluorescent pseudomonads spp. produce plant 

gro~vth  pronlotlllg substances sucll as auxins and cptokinins which o i ' t t . ~~  

lead to certain morphological changes in plants (Brown, I9721 and 

enhance plant growth. hlloreovcr, fluorescent pseudomonads are known to 

suppress plant pathogens by various modes of action viz. ,  competition for 

~ ~ u t r i c n t s  and space, antibiosis by production of various a n t i b ~ o ~ i u s .  

siderophnres and Iytic enzymes (Defhgo et a]., 1990). 

The beneficial effects of Azospirillum on plant grohvth is by \!.a? 

of  associative nitrogen f ixat ion,  capability to produce plant  g r o u t h  

h o r n ~ o n c s  and  their  effect on root morphology (Okon.  1985). 
4 -  -o~ptrrlfr l~ra . ' . a p p l i c a t i o ~ ~  has been found to increase the yield of 

wheat,  rice. maize, pearl 1nil1t.t and sorghum by 0-30 per  cent u v t r  

con t ro l s .  

Rioinoculants arc in short supply at the present stage. Therefbrc t h e  

~1st n f  inorganic icrtilizers has to be continued till the biological sonrces 

of' nutrients arc readily atlailabltl. FIowever there is ample scope fbi. 

I * L ' ~ U C I J I ~  the excessive dependence on inorganic fertilizers by Ihc use of' 

bioinociilants. 

Kcrping these views u i ~ d c r  consideration, the present invcstjgarion 

cr~ti t lcd 'Itcsponse of cllilli (rup.\icnm c r m l i z i r n  L.)  to piant gt.o\\th 

promoting rl~izobactt.ria. tluorescrnt pseudomonads' was carried out ivirll 

t l l t  f o I I ~ w i l ~ g  objectives : 



4 '1'0 evaluate f i uo re scc~~ t  p s e u d o ~ ~ ~ o n a d s  isulrltcs for g r o w t l ~  

promotion and yicld i n  chilli  

4 1'0 assess the suitability of the best isolate as a biofertilizer eithcr 

alone o r  in combi  lat ti or^ with ,izo.~piril/rtm 

+ To study the econonzics of the t rea tments  



REVIEW OF LITERATURE 



2. R E V I E W  OF L l T E R A T U R E  

The illdispensability o f  h'PK application for vegetables is well 

understood by the farmers. Very often there i s  excessive use o f  inorganic 

fertilizers creating soil fertility hazards and soil hcalrh problems. 

Therefore, in recent years the concept of integrated nutrient management 

( INM) involving organic manures. bionutrient  rcsourccs and chemical 

fertilizers is gaining importancc. 

Tkvo experiments were carried out at the College of Agriculture. 

Vellayarli during 2002-3003 to evaluate fluaresccnt pseudomonads 

isolates for growth promotion and yield in chilli and to assess thc 

suitability of thc best isolate as a biofertilizer e i ther  alone o r  i n  

combinat ion w i t h  A:ospirillz~m. The literature collcctcd pertaining to tllc 

above subj cc t s  are reviewed hcrcunder. Wherever sufficient literature is 

not available on chilli. results of similar expcrimcnts on other clqops arc  

reviewed. 

2.1 EFFEC'I'01:NPK FERTILIZERS 

2.1.1 Effect on Growth Characters 

Joseph (1982) from his experiments in chilli  for two scnsons 

concluded that incremental doses o f  nitrogen and phosphorus incrznsccl 

plant  hcight and number of b r a ~ ~ c h c s  at all stages u f  growrh wIlcre;ls 

potassium hnci no significant influence on rhese characters except plallt 

height at the t ime o f  final harvest. It was also observed that  incrcasc~l 

doses of  N. P and K increased dry  matter production in chilli. 

1,aliatus ( 1  983) f v ~ l n d  tha t  incrcnsing K P K  1cvc.l~ il~crerlscl p la11~ 

he ig l~ t .  s l l u u t  root ratio and d ry  Innltcr product ion  in chi l l i .  Signii ' icant 

incrensc in p l r~nt  hcight. n u r n t ~ c r  of branches a n d  canopy sprcad il l  c h i l l i  



lv i th  incrc;ise i n  KPK application \$as noted by I l o l k u v a  cr [ I / .  ( l ( l Y 4 ~ .  

?'hunlas and I .col~g (1984) noted that increase in nitrogen application 

i ~ ~ c r c a s u s  Ihe foliar growth in ch i l l i  resulting in more canopy sprcacl 

According to Zayed ct  c r l .  (1985) increased doses of NPK increased plat~r 

height. number of bratlches and dry matter production in chilli. P rabhakr~r  

L'I ul.  (1987) noticed that nitrogen application at the rate of' 90 kg ha'! 

rccorded maximum plant height i n  chilli. I t  was also observed that  p lan(  

height was not intluenced by phosphorus fertilization. Similar e f f k c t s  of  

nitrogen and phosphorus in chilli was noticcd by Shukla er a / .  (1987). 

Belichki (1988)  reported an increase i n  dry matter production with gradcd 

duses of  NPK upto 320 kg ha- '  each. John (1989) observed that  plant 

height. number of branches and shoot root ratio increased with increased 

doses of nitrogen and  phosphorus. but potassium had no significant 

influence on these characters. According to him, a positive correIation 

was o btaincd betu een nitrogen, phosphorus and potassium application and 

dry matter production in chilli. Increase in nitrogen application enhanced 

the cell division and elongation in chilli resulting in more sprcad of 

canopy as  reported by Ahmed and Tanki ( 1  991). 

Stierly (1996j noted significant incrcasc in plant height. nu111ber of  

branches. dry matter production. canopy spread and shoot root ratio in 

chilli at highcr levels of N and K. 

2.1.2 Effect on Yield and  Yield Attributes 

K11an 2nd Sur\.,anarayana ( 1  977)  reported that number of d ~ y s  l o  

tloitering was reduced from 60 to about  53 and 45 by phosphorus nt 4 5  

and 90 kg ha-' respectively. Ramachandran and Subbiah (1981)  s l~owed  

that nutnbcr o f  fruits increased with increasing nitrogen levels upto 

170 kg l ~ u - I .  Significant incrcasc in numbor of  fruits. setting perccntagc. 

100 fruit weight and frui t  yield with irlcreascd levels of N. P and  K u , l h  

rcpor-lcd by .losup11 ( 1482 j. 



Subbiah er cil .  (1052) sho\vcd that N i n  combination with K tcr~dcd l o  

produce more yield i n  chillies. Dolkova L./  (11. (1984) observed [ha t  

increased NI'K application increased fruit production in chil l i  and thc 

higl~cst yield was rcported by thc application of 360 k g  each of N. P ntlci Ii 

113-I. Joseph and Pillai (1985) reported that highest dry fruit yicld in cliilli 

under rainf'ed cor~dition was observed by the application o f  1 13.50 : 60 . 

30 kg NPK ham! Rao and Gulshanlal (1986) noted significant increase i n  

number  of days to 50 per cent flowering with increased lcvcls of nitrogen 

upto 150 kg ha- ' .  

Green chilli yield increased with levcls of N upto 90 kg ha" and P tipto 

30 kg ha-' (Prabhakar ct 01.. 1987). Shukla et al. (1987) reported that numbcr 

ol' fruits was signiilcantly influenced by varying levels of nirrogen. 

Similar results werc noted by Singh and Srivastava (19881, John (1989). 

Natarajan ( 1  990), Ahrned and Tanki (1  991) and Lata and Singh ( 1  993). 

Rao et nl .  (1988) reported that highest economic yield of dry chilli 

pods was obtained with 120 kg N in combination with 50 kg K I O  

According to Shin r t  ul. (1988) optimum NPK rate for maxinlun) yield i t a s  

2 3  : 30.7 : 18 kg N P K  ha.'. Application o f  increased dose of nitrogen 

increased the setting percentage and 100 fruit weight (Goyal tlt u1.. 1989 

and Johll. 1989). 

Hig11zst f ru i t  yield of 2.6 t ha- '  was obtained by application of 120 : 

90 : 90 kg ha- '  (Nasreen and Islam, 1989). Increase in NI'K rates 

increased thc yield in chilli (Surlekov and Kankov. 1980; Subhani e i  r l l . .  

1 990: Thiagaraj an, 1 9 9 0  Jayararnan and Balasubrarnanian, 1 99 I :  

F in l -~~ i r~ \ \n r  2nd Rajagopal. 1993 and Subbiah.  1994). Shcr ly  ( 1  906) also 

obscr led  increased frui t  yield with increase i n  N and I(. l c ~ c l s .  

2.1.3 Effect on Quality Attributes 

.Joseph ( 19133) observcd that incremcnta1 doses of nitrogen incl-cascd 

tllc ;iscurt>ic a c i d  content of fruits whercns potassium had no signif icant  



influence.  Thomas and Leong ( 1  984) reported profou~ld effect of nitrogen 

f t r t i l i ~ c r s  on the ascorbic acid content of fruits. S ingh cr ~ l .  (1086)  

showed tha t  vi tamin C contcrlt ir~crcascd with increased levels oi' nitrogen 

and thc responsc cvns l i ~ ~ e a t .  upto 90 kg ha- ' .  Application of  87.5  k v  .- 

nitrogen ha-' rccordtd maximum ascorbic acid content (Amritnl ingam. 

1988). Contrary to this.  Bzlichki (1988) pointed out that ascorbic acid 

content of  chillies decreased ns thc application of NPK incrcascd. Mar! 

and Balslkrishnan ( 1990) stated that increase in nitrogen applicatio~i 

increased the ascorbic acid of chil l i  due to enhancement of enzymatic 

activities for amino acid synthesis. Uddin and Begum (1990) found that 

nitrogen a1o11t or in combination had negative effect on ascorbic acid 

content in chilli ~ v l l i l t :  phosphorus had positive effect. According to 

Karnincvar and Rajagopal (1993) application of NPK at the rate of 100 : 75 

: 100 kg ham' recorded the highest ascorbic acid content in chilli. 

2.1.4 Effect on Nutrient Uptake 

Joseph ( 1  982) observed that total uptake of nitrogen by ch l l l l  \$as 

significantly increased by increased levels of N. P and K .  Similar t r ends  

were also noted in the uptake of P and K. To produce a n  averagc chilli 

yield of 3.8 t ham'. total uptake of NPK by plant was 205, 5s and 445 kg 

ha-' respectively (Ranian. 1982). Rankov ei iii. (1983) found that Ni'K 

uptake of chilli \\as always greater on a light sandy soil. Dolkova cr 111. 

(1984) observed that for producing 1000 kg fruits, control chilli plants and 

plants receiving highesl NPK rcmovcd from soil 6.91 and 6 . 3 7  kg ha-' U. 

1.80  and 1.63 kg 113.'. P 3 0 i  and 7.3 and 6.13 kg haL ' .  I(!!] I I ~ '  

rcspecticsly . Rankov and 'Sodorov ( 1  98-11 noriced that on  a11 avcragc 4.70 

bg N. 1.74 kg P 2 0 1  and 5.47 kg K:O were needed for producing onc tonnu 

market ripe chilli fruits of early cultivars and 6.08 N, 2.12 k g  I'lOj r111d 

6.27 kg K 2 0  h r ~ - '  with mid early cultivnrs. Dolkova e i  c r l .  ( 1  986) l ' o r i ~ i i l  

that f r u l t  N content reached permissible level even at lower rates of' N t'K. 

[Zccording to Hcgdr: (1988)  in chilli, h' fertilization upto 170 k g  ha- '  



significantly incrcascd the nutrient uptake by 138, 64 and 76 per cent h r  

K. P and EC respectively. J o h n  (1989) reported that uptakc of N and K by 

chilli was signiiicantly increased by higher doses of K P K .  Russo ( I99 1 )  

observcd that the lcvels of nutrients in leaves and fruits did not respond to 

fertilizer application. To product. 1 q of dry chilli pods, the nu~r icn t  

rccluircment was found to be 1.91, 0.25 and 1.6 kg N, P and K respectively 

(Karninwar and Rajagopal, 1993). Subbiah (1994) noted that at 100 per 

cent of r e c o ~ n ~ ~ l e n d e d  dose of N and P,  chilli crop had recorded the highest 

N, P and K uptakc 

7.2 EITFEC'r OF BTOFERTILIZERS 

2.2.1 Effect of Azospirillrrm 

2.2.1.1 Effect un Crowtll C I ~ ~ r u c i e r s  

Over the past twenty years, in the case of 60-70 per cent of the 

experiments done world wide, an increase in crop yield due to 

i i  itlocuiatior~ couId be observed. This increase could 

compensate the increased costs and replace about 30 per cent  of nitrogen 

fertilizers. Applicatioll of biofertilizers followed by NPK fertilizers mas 

found  to increase ~ i e l d  (hlehrotra and Lehri, 1971: Oblisanli rr ul.. 1976). 

According to Srnith er ul. ( 1978) ,-l:ospiril/lim inoculation resulted in 

i~lcreaszd root and shoot growth and biomass accumulation in crop plants. 

A:ospirillrtrr~ has the ability for better root induction in inoculated pl,~ilts 

main ly  duc to the production of plant growth hormoncs l iku IAA and G:\. 

A s  a rcsult of this, such  plants are capable of absorbing more and more 

available nutrients from soil, which in turn result in better establisllmt.nt 

of plant seedling and subsequent growth (Tien er a / . ,  1979).  lManib ct  ~ r l  

(1979) reportcd increased dry weight of tomato plants by 5 -  12 pcl- ccnr 

d u e  t o  t11c inoculation of .-1=0sp1~i//zi?77. I n ~ ~ ~ i i a t i o ~ ~  ~i i t h  = I z o . ~ / ~ i r t l l ~ ~ t r r  

incl-eascd root length and  root dry weight of inoculated plarlts f D e \ \ a n  arlci 

l lao.  I 079). Iiarthi kcyan ( 1 98 1 ) rcportcd that A:os~~ir.illrlt~~ inoc  L I  t a t i un  



incrcnsrd the plant height and dry  matter accumulation in rice. KapuLnih 

81 I ( ( .  (1981)  studied the effect of A:ospirillt,iu inoculation on uhca t .  

sorghum anci pnnicum and observed that inoculation with =irv.~p/t.~/lritrl 

hrcrsi l ien.~~ resulted in significant increase in  plant height in all the thrcc 

crops. Venkatesunrlu and  Rao (1983) reported that inoculation with rf 

brlrsiIiensrr increascd the growth, dry matter production and root growth in 

pearl niille1. Use of AzuspirilIu~n alone produced better growth response 

equivalent to that of 30 kg N ha-' in rice (Prasad and Singh? 1984). 

Inoculation o f  wheat seedlings with Azospirilitlm increased the total shoot 

and root dry weight and plant height than control treatments (Kapulnik cr 

1 . .  9 Afwr  a field experiment, Gopalaswai~ly and  Vidynsekharan 

(1987) confirmed that split application of A;o.~pir.illum through seed. 

seedlings and soil increased the plant  height. Subramanian ( 1 9 8 7 )  

reported that seed and soil application of A:ospir.il~um signifi'icantlq 

improved seedling height, shoot dry x~e igh t  and root dry  weight in rice. 

InocuIation significantly improved dry matter production at all thc g r o ~ v t l ~  

stages. I-Iadas and Okon (1987) reported that there was significant increase 

in root length (3.5 %), root dry weight (50 %) and total feaf area of 18 

days old tomato seedlings due to Azo.spirill11rn inoculation. A study 

conducted by  Balasubramoni (1988) revealcd that  he seed and soil 

treatrncnts of ,4:uspiri[lzirn were superior to untreated check and 

i4-o.sp~rillum seed treatment enhanced germination per cent. plant height. 

root  Icngth. root lvidth, days to first ilowerinp, first fruit node and dr? 

mLilter p r o d u c t i o ~ ~  in brin,jal. 

Parvatham er crl. (1989) pointed ou t  that the inocuIatioti of' 

A=os/)irillunt increased the root growth, root volume, plant height, gir th 

and number of leaves of bhindi. Bashan c t  al (1989) observed that in 

.-lzo.\pit-illttn~ treated brinjal seedlings the plant hoight was s igni t ' ic i~n~l> 

increascd fronl 11.7, to 1 5 . 3  mm as compared to uninoculared t r e n t n ~ c u ~ .  

There was also s jgI l i i i~ant  increase in dry  wuight of' foliage and numbcl- 0 1 '  

leavcs per pl;lnl due to Azo.spirilltirn inoculation. Further there w;is a lso  



significant increase in  population of ilzosl,iriiiurn (5.1 s 10' c fu  g-' 01. 

fresh roots) in inoculated trerttments. Gallo and Fabri ( 1  990) noted that 

inoculation of chickpea scecilings with Azospirillum hrcrsi~iensc producud 

greater root and shoot dry  weight than uninoculated plants. Inoculation of  

Azospirillun~ in cabbagc gave significantly higher yield than untreated 

controI (Jeevajothi er crl . ,  1993). Paramaguru and Natarajnn ( 1  993) 

reported increase in  plant hcight, number of primary branclles and number  

of lateral roots in chilli when inoculated with Azospiriilrtnz. Swarupa 

(1996) observed significant increase in plant height, stem girth. root 

length and root weight by inoculatio~l of A=osprillium brcrsiIiensa in coffct. 

seedlings. 

Anitha (1997)  reported that growth parameters like height of the 

plant, number of branches per plant, canopy spread and dry matter 

production were significantly higher for Arospirillum treated chilli plants 

over untreated plants. RekIla (1999) observed that A=ospiril/lrnr 

application increased the plant height and number  of branches in brinj al 

during early stages of g r o ~ v t h .  Seed inoculation of ' 4 .  brrisilirn~cl in I\ heat 

plants increased tllc leaf area, total biomass production and graiu yicld 

comparcd to untreated control (Panwar and Singh, 2000). Significant 

increase in height of chilli planls were observed when treated with 

Azospiriiium. These treatments were found to be significantly superior to 

the uninoculatcd control which recorded a plant height of 18 c m  (Kavitha,  

700 1).  

2.2.1.2 Effect oft Yield atld YieId Attributes 

C:hatto el  crl. (1977) observed that in KnolkhuI. A z o . s p i r i l I ~ ~ m  

inoculation n ~ a r k r d l y  increased growth. yield and quality atrl-ibutes o ~ e s  

control. Cohcn ' I ( .  (1980) obtninccl increabcd yicld lbr a widc rilligc ,,I' 

lrupical and tcmperale crops by =I~o . sp i~ i l~z tm  inoculation. Inoculatio~l O F  

~vhent  seedlings with /Izo.spirilll/m increased the number  of fcrlile t i  I lers 

and grain yield than control treatments (Knpulnik  el  a]. .  1985). 



The rnech~~nism by which plants inoculated u i th  r~:o.~p.pi~ill~rnl cieritc 

positive benefi ts  in  terrns of increased grain yield, plant b iu~nass  and 

nitrogen uptakc are attributed to small increase in nitrogcrl i npu t  l'rum 

biological nitrogen fisation. development and branching 01' roots. 

production of plant growth horrnoncs, enhancement on uptake o f  nutrients. 

improvcd water status of plants, increased nitrate rcductase activit? i n  

plants and production of antibacterial and anti fungal compounds (Okon,  

198-5 j. 

/lzospirillurn inoculation was known to increase yield of crops by 5 

to 20 pcr cent with savings of 40 per cent of the recommendcd dost. u f  

nitrogen (Dart. 1986). Amritaljnganl (1988) observed earliness i t 1  first 

flower appenrancc and 50 per cent flowering by Aaosl~irillurn treatment. 

The  treatment increased the number of flowers and fruits .fresh anti 

dry weight  of pods plant-' .  lengrh and girth of pods, number of  seeds and 

weight of seeds pod-1 in chilli. A study conducted by Balasubramoni 

(Ii)8X) revealed that yield attributes like number of fruits plant-' .  Icngth. 

gir th and weight of fruils were increased by A:ospiril/lrm seed and soiI 

treatment. 

Parvatham er ~ 1 1 .  ( 1  989) reported that Azo.spiri1lum treatment shotvcd 

i n c r ~ a s e  i n  total number of flowers and fruits  which may bc due to tljr 

increased activity of hormones produced by Azuspirill~rm. 

Govindaswatny e f  crl. (1992) observed ii~cruase in total grain yicld 

and straw yicld of rice due  to Azospirillum inoculation. Inocrilation ol' 

Azospirilllrnz in cabbngc gave significantly higher yield than the untrcrltcci 

control (Jeeviiothi ct ( I / . ,  1993). 

I<i!i ( 1999) observeti significantly higher fruit yield ( 1  31.3 q haL '  ) 

t11311 colltr01 111 bllindi by Azospirill~irn inoc~ilation. Rukha ( 1999 1 ~.cportetl 

that  . - l~o . sp i r i l /~~rn  illocuIation increased thlr nrimher o f  f l u n e r s  a n d  fri111h 

p l ~ ~ n t - '  111 brinjnl wI1t11 compared to uninoculated plants. 



2.2.1.3 Effect on Qrinlity Aitribtrtes 

U l ~ a t t o  er ~ r l .  ( 1977) obscrvod that i n  knol khol. . - I : o ~ p i t ' ~ l l ! i t l ~  

inoculation markedly increased quality attributes over control. Inoctllaiion 

with Azosj>iri//urn increased capsaicin and ascorbic acid content in chilli 

(Balakrishnan, 1988). A,-o.spiriil~~rn inocuIation has been reportcd to 

significantly increase vitaniin C content  in cabbage. caulif'Iower and 

tomato (Subbiah. 1990; Kalyani ef a / . ,  1992 and Jtevajothi e! crl., 1903). 

Kumaraswami and MadaIageri ( 1990) pointed out that A:ospiri/l~rnl 

treated tomato plants pave fruits with high total suluble solids (8.4h per 

cent) and ascorbic acid content (32.91 rng 100 g-' f-ruit). 

Anitha ( I  997) reported that ascorbic acid content of' fruit was higher 

for :I~o.rpir-i/l~tn~ inoculated piants (95.99 mg 100 g- '  fruit) than the control 

(95.49 n1g 100 gL' fruit). 

Quality attributes of bhindi fruits viz . ,  ascorbic acid content were 

significantly higher for AzuspiriOurn inoculated plants than control (Rqj.  

1999). 

2.2.1.4 Effect urr ,iVutrient Uptnlie 

Hoddey el ul. (1986) using N-15 labelled (NII4) So3 as a sonl.cc o f  

nitrugen lkrtilizer to ~ v h e a t  plants. observed high quanti ty of W - 1 5  in 

Azospit-illzir~l inoculated plants than in uninoculattd piants. Pncovsky cr 

crl. (1986) observed an increase in P and other nutrient conct.ntrntion in 

t l ~ e  foliage of Azo.~p~rillllrn inoculated sorghum plants. Sarig el  ul. IOSS) 

reported tha t  :I:o.ypjyiil~~n~ i nocu l a t i on  enhanced thc uptahc o f  NO;'-. 

N H j f ,  phosphorus and potassium in plants as compared to uninocu1;ltccI 

plants. Parvatham ct al. (1989) noted better uptake of nitrogen and 

phosphorus i n  bl~indi due to A:ospirillum inoculation. Subbiah ( I90 1 )  

observed that soil application of rlrospir611~rnl to bhindi c r o p  had 

beneficial ti'fect on nitrogen. phosphorus and pvtassiunl uptake ns 

col-rlpartti ro uninoculated plants. Allitha ( 1  997) rcportccl thitr 



:l:o.rpir-illlim i n u c u I ; ~ t i n r ~  improved nitrogen.  phosphorus  and potassium 

uptakc in  chilli  ns cumpnrcd  to uninoculated control. Iiaj (1999) obscrxcci 

t h a ~  nutrient uptakc was favourabIc inilut.nced by . 4 z o s p i r ~ / / ~ ~ j ? ~  

inoculation. Potassium i~p take  was significantly highcr in thc 

:f=o.\plrillltnl treated plrints. Available N status of soil improved tvirh 

~lzospirilltrln i n o c u l a ~ i o n .  1-lowever, P and K content were not influcnccd 

by it. Rekha  (1999) pointed out that Azo.spirillrit?z application increaseci 

the content and uptake of phosphorus and potassium in bhindi compared t u  

control treatments. 

2.2.2 Effect of Fluorescent Psrridomo~tarls 

Many rhizobacteria, especially fluorescent pseudomonads are known 

to produce several growth hornlones I i  ke auxins. cytokinins etc.  ?'his 

]cads tu  certain ~norphological changes in plants like increased root 

e r n u t h ,  leaf expansion, shoot g r o ~ v t h  etc. Enhancement of plant growth 
C 

by the fluorescent pseudomonads has been attributed to the yeIIou. green 

fluorescent sidcrophores produced by them (Kloepper et id.. 1980). Somc 

plant  growth promoting rhizobacleria such as P. J7tcorc.sccn.r and 

P. acricginoscr may promote plat11 growth by secreting plant  hormones like 

Gihbcrell ic  acid like substances (Suslow, 1982). Suslow and Schroth  

(1982) reported that selected strains of fluorescent pseudomonads spp.  

isolatcd from rhizosphcre and rhizoplane of field SroLvn sugarbutts cr~uscd 

statistically significant  yield increase of sugarbeets in l ic ld  trials tvhen 

applied as n seed coat formulatiun. Significant  grokvth inoreascs in 

seedliilg weight, root weight and total sucrose yield \\ere also obscr\.cd. 

Increases in root weight and total sucrose. averaging 13 pel- ccnt above 

untreated cnnrruls were as great 3s 4.6 and 2.68 t ha- '  rcspzct ivr iy .  I t ' t I I t r  

(1983) f o u n d  that introduction of Pseiidomonct.sJIz~u~-c.scm 2-74 increased 

the a u m b c r  of tluorcscent pseudomonads in  thc soil over control soils. 'l'hc 

growth rcsponsu of roots was even rnwe intensive, reaching 166 pcr c c n ~  



Sced and root inoculn t io~~ of rhizobactcria pro~notcd plant  grout11 by 

producing phytohormones like auxins and gibberellins (Lopcr and 

Schroth, 1986). Savithry and Gnanamanickanl (1 987) observed that 

fluorescent pseudomonads appIiod peanut plants were 25.74 per ccnt 

tallcr and appeared grecner than the non bacterized plants. 

Hofte e i  u / .  (1991) reported that plant growth promoting strains of 

P. crerzrgi~lo~~cr 7NSK2 and P. ,fllior~scrn.r. ANP significantly increased the 

germination of maize sceds by 60-300 pcr cent. Defieitas and Germida 

(1993) also noted t h a ~  inoculation of winter wheat with fluorescent 

pseudomonads resulted in increased root growth in growth chamber 

conditions. Significant increase in yield was also observed for ~ v i n t e r  

wheat inoculated with fluorescent pseudamonads in field conditions. 

Bacterization of chickpea and soyabean seeds which a sidcrophorc 

producing fluorescent pseudo~nonads RBT-13 resulted in increased seed 

germination, growth and yield (Dileepkumar and Dube, 1992). 

Gnanan~anickam and Mew (1992) obtained slight increase in grain yicld of 

rice d u e  to seed treatment with strains of P. f lz~nrescen.~. Inoculation of  P. 

. f l t lorC.s~~eus significantly increased scedling emergence rate and total dr>- 

weight and length of root and shoot. P. fZ~ tor~scens  increased thc plant  

growth of rice and cotton by 25 and 40 per cent respectively whcn the 

bacterium was applied to seeds (Lin et ol..  1992). 

Sced bacterization of r ice cv. 1R-58, IR-43 and IR--36 nit11 

iluorescent pseudomonads resulted i n  increased root and shoot length and 

dry  wcighls of roots and shoot (Rosales t l r  a/ . ,  1993). Muthamilan ( 1  994) 

ohscried incrtlascd gronth rate of rice plants by seed trentmcnt u i t h  

1'. , /~!rorc.~cer~.s.  Gupta cr a/. (1995) reported growth promotion of tomato 

p l n ~ ~ l s  by rllizobacteria especially P. Jlzroucscen.~. Luz el ((1 (199s)  

obs t rved  increase in seedling emergence and grain yielci of whcat bq heed 

trcatmenr \zit11 f' ,f/rrure.scens. Kangeswaran and Prasad (20003 rcportccf 

i n c r c ~ s e d  grmvth ofcll ickpea seecilings treated with P. JEzcor-r.\ce~~s. 



Ste3  hclcturization \ti th  fluorescent pseudomonads with 1' f 7 2 1 0 ~  \ ~ , c ~ r r . j  

LHR 1 1303 increased rhe gcrrnlr~ation of chickpua seedlings hy 25 per 

cent  and reduced the nurnber of dise;iscd plants by 45 per cent comparcd 

to non bacterized con~ro ls .  Incrcase in seedling dry weight. shoot length 

and root length rangcd from 16-18 per cent. Significant growth increase 

in shoot length, dry weigl~t and grain yield, averaging 11.59 per cunt ,  

17.58 per cent and 22.60 per cent respectively over  untreated controls 

were also recorded (Nautiyal. 2000). Gupta et a/.  (2001) obscrled t11;lt 

rhizo bac terial isolates belollging to thc genera Pseuclomonirs. were Sound to 

increase fresh and dry root weight of mungbean by ovcr 50 pcr cent 

compared to uninoculated control. 

Nade7hkina and Silnova ((2001) reported that in nonfertilized soil. 

the inoculation of P. Jluoresc~.n.\ increased the grain yield of millets o n l ~  

in >ears with favourable weather conditions and in fcrlilized soils  

Y .  j7llorescens significantly increased yield. Rangeswaran er cri. (200 1 )  

reported that there was no significant differences in the shoat and root 

lengtll of rice among the bioagent treatments, however viguur index was 

highest in pIo1s treated with a combination of P. fluorescc.ns and P pi/r ,r /~t .  

Bullock and Ristaino (3003) observed that the population ot" 

fluorescent pseudon~or~ads  and enteric bacteria were higher in soils 

receiving organic amendments than in soils with synthetic fkrtilizcrs. 

Inoculation o f  nlaize with P.rerrc/otnon~rs j7rrore.sccns Psl.q12 xvas 

found to significantly increase the root and shoot growth of maize gro\vn 

on loamy sclt~d at 16°C compared to 26°C. Bacterial inoculation also 

resulttd in  signiiicantly highcr values for plant growth and N. P nncl K 

couterlt of plrtnt components in field experiments (Egamberdiyeva cl (11.. 

2002). 

I Iao e( (11. (200'7) reported that bacterial growth prornotit)ti of 

s t r a n  berry fot towi~lg inocula t iu l~  in the field n a s  variable and dopcnciccl 

011 soil, l oca t i c~n  ;IS wcll ; i s  tllc isolate. 



I-Ieera (2003) noted a 31 -54  per cent increasc i l l  shoot dry ncight  and 

53.08 per cent increase in root dry weight of rice sucdlings 1'5-1 bq the 

inucular ion  n f  1). ,/lllore,ccctl.s. Similarly. length oi' shoots and ~+oots n crc 

signif icantly incroastd by the application of talc based f'orrnularion uf  

1'. ,ll~rorescerrs conlpared to control. 

2.2.2.2 Effect on Nutrirrrt Uptake 

Iioil ish and Kuhn (1996)  attributed the incrcased gro~vth  of all 

cruciferous oil crops when inoculated with fluorescent pseudo~-~onads  to 

improved root development and nutrient  uptake. Sccd trcatrne~lt of libre 

tlax with P. j7uorescen.s had improved uptake of phosphorus by shoots and 

roots and resrrlted in increased N. P a n d  K content,  stet11 lc~lgth 2nd i'ibre 

yields (Vorobeikov e i  a/., 1996). Bromecon~bc er crl. (1999) noticed t h a ~  

P ,fTl~orusc~n.\ inocl~lated nitrogen rich organic residues enhanced nitrogen 

uptake of  wheat .  Silva e l  al.  (7000) noted that P. jfuorescrrts inoculation 

increased P uptake i11 blueberry. fSccording ro Tabar e t  al .  (7,002). 

inocuiation of different strains of fluorescent pseudomonads improved the 

nutricnt  uptake in  wheal. 

2.2.2.3 Effect on Disease Ittcirlell cr 

Strains of tluorescent pseudomonads are the foremost among bio 

corllro1 agcnts as they improve plant  growth by s u p p r c s s i n ~  either rnqjnr 

or minor pathogens of plants  (Cook and Rovira, 1976). 

P ccpi~cin fbrmulated as wettable powder effectively controllecl 

pea nu^ leaf spot (Knudso~l  and Spurr. 1987) .  Seed treatment uilll 

1.' , f l i /r)res~.cn.r suppressed shcath rot of rice ( S ; i I i t h i ~ t l  and 

G n a ~ ~ a m a ~ ~ i c k a ~ n .  1987). b'ci ct  m l .  ( 1  991) demonstrated thc ab i l i ty  01' 

dil'fcrcnt PGPR strains lo decrease the incidence of  anthracnusc nt '  

cucumber.  

Fluorescent pseudomonads produces many sccondnry metabolites 

with ant ib io l ic  activities many of which have b w n  in~pl ica ted  



suppression of soil borne discases like phenazine-l -carboxylic acid. 2.  4- 

diacetyl phloroglucanul {DiIPG).  Oomqcin, pyucyanine, pyolutuorin and  

pq'nolnitriii (Thomoshow and Weller. 1996). 

Several pathogens of tomatoes illcluding P. soiuni were itihibitzd by 

f1tluresccnt pseudomonads spp (Varshtiey and Chaubc. 1999). 

Mnrnurarlj i t l ~ a n ~  e /  (11.  (2000) observed that P.se~~c lomur~~ l .~  

.JI~iorcs~.~.n.s application greatly reduced pre and post emergence Jarnpitlg 

off and increased the root length, shoot length and dry matter  production 

of chilli seedlings. 

An isolate of iluorcscent pseudomonads, P I  was identified as the 

best bacterial antagonist against Rhisocfotliu soluni inciting t'oliar hlighl 

discaso of Amarant l~us (Smi tha, 2000). 

Seed treatment with P. crerzrginnsa strain CK-54 reduced H. su/cri~i 

infection i n  cucumber and tomato (Gan rr ( I / . ,  2001). 

Hcgde and Anahosur (300 1 )  also noted the effectiscness ul  

P. .flltot-c.ccenc'e in  reducing the fruit rot in chilli by Collercrrrichurn C U ~ J I L ' I .  

Gchlot and P~i roh i t  (2003) o b s e r ~ ~ e d  that inoculation with P. jllioresc.o?.s 

reduccd thc Fusarium wilt disease incidence by 37 per cent in chilli.  

R a r n a ~ n o o r t h ~  c t  ul (2002) reported that P. ,flutlreserns isolatc I'fl \\;IS 

effective in rcducing the damping off incidence in tonlato and hot peppcr. 

-4ccording to Kiireck and Jarosenk-eisel (3003), growth promotion and 

pathogen inhibit ing efficiencies cvere not directly dependent on tlic sole 

ratio oi' Psuli~lumon~is strains t o  pathogen number in the rhizosphere. h u t  

wttrc l ihzly dependent on environmentaI conditions. 

2.2.3 Effect of Conrbined Applicrrfiun of Flirorescent Pseurlomonutl.~ r r r j r l  

-4 :oLspirl / /~it t t  

F n y c ~  ( 1  990) reportcd that cornbilled inoculalion o f ~ c i ~ o . ~ ~ ? i r i / f l ~ ~ ~  i ~ n t l  

P s c l r ~ l o n ~ u n ~ i . ~  rcsu-ltcd in significant increase in the growth of wI~ca t  and 

barlcy. mu no^-Garcia and VaIdes (1995) observed that inocitlatio~l ~ v i r 1 1  



fluuresccnt pseudomonads did not affect the  .4zu,sj?iril/1i1?1 C O L ~ ~ I I  ill t l ~ c  

rhizopIanl: 01' maizc. Inoculation with the rnixture of species pronloted 

maize developnlent at early stages of growth, and 23 pcr cent and 35.6 per 

cent increase in shoot and root dry weight, respectively, compared to the 

control seedlings were observed. 

Conrrary to these results, Fallik tC a / .  (1998) obscrved tha t  a high 

collcentration of tluorescent pseudomonads j 108 cfu g-'  sand) diminished 

the influence ofA:ospiril/rmr on root surface area. Kamble c t  al .  (3000) 

rcported that individual inoculation of f z o s p i r i l l ~ ~ m  and P . s e ~ l ~ i c j t ~ t o ~ z c r , ~  

~ ~ L ~ ~ I + L . . S L J C ~ S  Lvcre four~d  to be more ei'f'ective than combined inoculation in 

rice. 

Marimuthu et a / .  (2002) observed that simultaneous application o f  

formulations of A:o.spiril/um and Ps~.u~iomonas Lfluorascc.ns resulted in 

effcclive control of cotton root rot. Seed and soil application of talc bascd 

formulaiion of P. Ji'lrorescence alone led to significantly higher amount of 

colony forming units of P. Jliiorescens at vegetative and flowering stages 

when compared to coinoculation of both .4zuspirillllm and P j?f7rrur~.s tens 

on rhizosphers rcgions u f  cotton. 

2.3.1 Effect of  Conjoint Lse of NPK Fertilizers and Azospirillunt 

2.3.1.1 Effect o n  Growth Characters 

Bacterization of rice seedlings with Azospirillum along with 

application of 90 kg N ha" resulted in increase in plant height (Prasad and 

Wrlm and Konde (1986) reported that performance of Azo,~pit.r//r,nr 

was bettur at lokh-cr doses of nitrogen. Balasubramanian and Kumar ( 19.87) 

rccer~lzd that cotllbinecl application of ii=ospirilizrnr significanlly incl-cased 

the pla11t dry weight at a11 fertilizer Ievels in rice. C;opalaswan~i c !  r r /  

(1989) rc lvc;~l~d that ;i,-o.spir.ill~cm application did not i n c ~ e a s e  t11c p l , i u l  



hcighl  significantly ove r  uninoculated control at any  nittugcn levels. 

Subbiah ( 1  99 l ) corlducted field experiments to s t i ~ d y  thc eft 'dcl or 

.-i:o.rprr.i//lrm and fertilizer nitrogen on bhindi and found that G O  per c c 1 1 ~  

of recomtnet~ded dose of nitrogen was saved by application of  

.~lzo.cpirillz~nl and it had beneficial effect on bhindi. Paramaguru and 

Natarajan (1993) suggested that seed treatment and soil application of 

Aropiriliunl combined with application of 56 kg N ha- '  was fbund to 

increase plant height, number of primary branches and number of 

lateral roots plantA' in chilli under semidry condition. 

2.3.1.2 Effect on Yield nnd Yield Attributes 

Subbarao el ul. (1979) found that inoculation of rice (Pusa 2-21) 

wit11 .4:n.~pirili2rm increased grain yield at 0, 40 and 60 kg ni t rugen h a - '  in 

rice. Rao e l  ~ r l .  (1983) rcported tha t  the response: o f  rice to ~ .oot  

inoculation with Azospi!-illzim resulted in significant increase in grain and 

straw yield especially at low levels o f  nitrogen (30 and 40 kg nitrogen ha-') 

than at an application rate of 60 kg  nitrogen ha- ' .  The interaction betwcen 

nitrogen lertilizer and inoculation was not statistically significant. 

Balasubramanian and Kumar (1987) revealed that combined application of 

Azo.~piril lz~t~r was marked by increased yield at a11 nitrogcn levels. 

Mas imuln  increase in yield was due  to A=ospirilltrm treatment i t i th 5O per 

cent t~ilsogcn level which equalled to that with full fertilizer nitrogt11. 

Subhiah ( I  991) reported than 111 okra. application of 5 0  per cent oi' thc 

I . L ' C O I I I I ~ C ~ ~ T ~  dose of nitrogen and soil application of ~ f z o s t - i  Ius 

beneficial effect on vizld and N use efficiency besides saving upto 5 0  per 

cent  of rccomlnended nitrogen. Pralnaguru and Natarr~jjan (1993) notcd  

that seed trratme~lt  with Azospirillum along lvith 56 kg nitrogcn gu1.e 

highest yiuld in chilli. 

Yield increase of 18 per cent was obscrved by A Z C ~ S P Z T ~ / / L ~ I ? I  

inoculittion at Iowcr levels of nitrogcn. but  at highcr levels t h u  perccrltagc 

incrcasc in  yicld was only 8-9 (Anitha, 1997). Raj ( I  90) pointed out t l l ~ i r  



the performance of f zospirillum in bhindi was better a t  lower dosus of 

n i t rogen i.c., 50 and I00 kg ha". Jha and Mishra (1099) could obtain 

highest tuber $eld in  sweet potato whrn  40 kg nitrogen ha" was 

supplemented with 10 kg Azospirillrtm ham' as soil application. 

2.3.2 Effect of Conjoint Use of NPK Fertilizers and Fluorescent 

Pseudomanads 

Marschner e l  al. (1999) reported that nitrogen deficiency decreased 

both plant growth of wheat and root colonizatiun by Psertdonro)7ir.s 

fluorescens. at the root tip. SIlabayev and Smolin (1999) observed that  

P. flrrorrrscens inoculation in winter wheat gave increased nitrogen contcnt 

in grain and straw compared to fertilizers alone, I t  was also observed that 

P ,flztorc.scens inoculation along with nitrogen fertilizers providcd greater 

grain yield when compared with soil inoculation with PK fertilizers. 

Application of' P. jluoresctcns made it possible to  reduce the rate of NPK 

fertilization by 1.5 times without any loss in yield of root crops (S i lvn  

0 1  ,2000). Kurnaresn el ul. (2001) reported that P. jluurc.~cens application 

with 75 per cent recommended level of Pz05  as single super phosphate 

increased the growth and yield of cowpea fodder. Sllabayev and Smvlin 

(2002) demonstrated that inoculation of fodder bects with P. fltrorc.scpn.r 

increased the yield of root crops and the uptake of N ,  P and K ~ S C I  

incrcascci along with very low application rates of Tcl'PK. 

2.3.3 Effect of  Conjoint Use of NPK Fertilizers, Azospiriflunz and 

FIuorescent Pseudomonads 

1 FI  i l l .  (1995) concluded that the ~rsc of  biof'crtilizcrs 

(=l:r~.spi~. l l lz i t~l  i- P.serrdomoncrs jlziorescen.~ + Flavoh~cte r iu rn)  along with a 

low inpu t  of millera] nitrogen was uscful for increasing rice biomass, N 

uptake and fertilizer N recovery in  rice. Amarn arid Nasr (1995)  rcporrzrl 

that combined illoculation of nitrogen h i n g  bacteria ( . ~ - o ~ o ~ L ~ c ' I ~ Y  and 

..i:o.\pivil/ti~~} and phosphate dissolving bacteria (1'. fl!corescc.n.~ iind 

13rtcilll,s) +. Fc + Mn %n gnvc the highest seed yield per plant in 



soyabean. blarimutllu et 111. (2002) observed that applicat ion o f  100 per 

cent recommended dosc of N and P along witli  .,l:o.spirilll~t?l arid 

1'. , f l ~ i o r u s c ~ n s  rccordcd nlrtsiinum rlunlber of sympodial brrinc hes and 

highcsl seed yield of cotton. Significant synergistic interaction ef1l.c~ was 

noticed bctween bioinoculnnts and  inorganic fertilizer application. 



MATERIALS AND METHODS 



3. MATERIALS AND METHODS 

The prescnt investigation entitled ' Kesponse of chilli (C'cq~.r.i~lcm ~rrlnzllrt)? 

L.) to plant growth promoting rhizobacteria fluorescent pseudomonads' was takcn 

up at College of Agriculturc. VelIayani during July 2002- April 2003. This stud). 

l i l a s  airllcd 10 evaluate the fluorescent pseudomonads isolates i b r  gruwtll 

promotion and yield in chilli and to assess the suitability of the best isolate as a 

biofirtilizer either alone or in co~nbination with .4,rospirillum. The investigation 

was programmed as two experiments. a pot culture trial followed by a field study 

to achieve the objectives envisaged. The details of the site, season and nuathcr 

conditions, materials used and methods followed are prescnted in this chnptcr. 

3.1. EXPERIMENT I 

EVALUATION OF FLUORESCETU'T PSEUDOMONADS ISOLATES FOR 

GROWTH PROhlOTlON IN CHILLI. 

3.1 .l. Materials 

3.1.1.1 Esyerimental Site 

The experiment was done as a pot culture trial at the Department of  

Agronurny, College of Ayricullnre, Vrllayani. located at 8.5' N latitude and 76.9'' 

F latitude at an altitude of 29 m above MSL. 

The study was carried out during the period from July to November 2002. 

The data on \:arious weather paraineters like rainfill, rnini~nun~ and mnliimu~n 

tt'mpzrature, rclative humidity an3 evaporation during the cropping period arc 

gih-en in r-Ippcniiis 1 and graphically presented in Fig. 1 .  

l'otting mixture comprising of equal proportioll of red loan1 soil. sanci arici 

co~vdurig was ~ised us the media for crop growth. The chcmicnl cl~araclcristics of '  



-c Maximum t e m p n t u r e f m  ~alnfall (mm) 
-re Minimum tanparatwe @)-c E v e m  " - n (mi 

Flq. I Weather parameWn during the cmpplng period (Juiy to #ovomlser2002) 



3.1.1.7 Applicrrtion c)f ,+lnnures u t ~ d  Fertilizers 

The manures and fertilizers wort applicd as per the package of practicc 

recommendations of Keralrl Agricultural University. (KAU. 1 996) and thc 

recon~mendcd m a n a y m e n t  praclices were adopted uniforn~ly fur all treatments. 

3.1.1.11 PInrti Protection 

Leaf cur1 due to mite attack was noticed and Dimethoate was sprayed thrc'c 

times for gctting satisfactory control. 

The pot culture trial was laid out in Completely Kalldo~nised Design with 4 

replicatio~~s (Fig 2). The details of the layout are given below. 

3.1.2.1 Design a i d  Luyoui 

Design : CRTl 

Trecttrnents : 5 

Replications : 4 

Total no. of pots : 20 

Variety : jcvalasakhi 

Duration : 120Jays 

Five il~iurescent pseudomonads isolates obtained fro111 the Departmcr~t of '  

Plant Pathology, College of Agriculture, Vellayctni. were subjected to preii tnin;iry 

screening for growth promotio~~ and yield in chilli. 

-TI - Fluorescent pseudomonads isolate 1 (PI)  

T: - Fluoresccnt pseudomor~ads isolatc ?(Pi) 

'r; - Fluoresccnt pscudomonads isolate 3(P 14 )  

-1-4 - FIuorescent pseudomonads isolate 4(P22) 

Ty - Fl uotcscel~t pscudomonnds isolate 5(KK (,) 



Fig. 2 Layout of experiment I 

R1 : Rcplicntion 1 

R2 : Replication 2, 

3 : Replication 3 

R4 : Replication 4 



putting tnixtr~re i s  given in Table 3.1 

'l'ablc 3.1 Soil cI~nractcristics of' potting mixture 

The variety used was Jwalasald~i, a ne~v ly  released high yielding variety of 

vegetable chi Ili from Kerala Agricultural University evolved by crossing 

Vellanotchi. a popular local cultivar of South Kerala with Pusa Jwala. 

3.1.1.5 Plntlfirlg Site 

Method 

Alkaline potassium permanganatr: 
method (Subbiah and Asija. 1956) 

Bray colorimetric method (Jackson. 
1973) 

Ammonium acetate method (Jackson, 
1973) 

Walkley and Blacks rapid titration 
method (Jackson, 1973) 

pH meter with glass electrode (Jackson. 
1973) 

Parameter 

Available N, kg ha-' 

Available PzOi, kg ha-' 

Available KzO, kg ha-' 

Organic Carbon. Oi; 

Soil reaction, pH 

Earthern pots of 25 cm diameter and 30 cm height were used as containers. 

Pots wcrv filled with poning mixture at the rate of 8 kg po l1  for raising the crop 

Content 

kg tln-' 

247.74 

40.32 

97.93 

0.45 

5.0 

3. I .  1. h Biu fertilizer Application 

'Talc based formulations of fluorescent pseudomonads isolates were nlade 

into thick slurry (250 g in 700 ml ) and seedling roots were dipped in the sIurr-y 

for 20 minutes and transplanted. A fbliar spray ( 2 %) was given 30 days alirr 

t r a ~ ~ s p l n ~ ~ t  ing 



On thc basis of growth promotion, yield and disease resistance. best isol;~tcs 

wcrc selected and further tested in the ficld along with .dzo.spil-illirn and chcn~ical  

fertilizers. 

3.1.3 Observations 

Observations were taken on important parameters of growth and yiclcl it1 

chilli. Parameters considered and methods followed are briefly stated below. 

3.1.3.1 Observcrtiuns on Crop 

3.1.3.1.1 Crup Growth Characters 

3.1.3.1.1.1 Height of Plant at Different Growth Stages 

The height of the plant was measured from the base to the growing tip of tlic 

plant a1 30,60 and 90 days after planting. 

3.1.3.1.1.2 Number of Branches at Different Growth Stages 

The total number of primary branches pcr plant were recorded at 30. 60 and 

90 days after planling. 

3.1.3.1.1.3 Dn. Matter Production at Hawest 

Dry matter production of each plant was worked out by recording dl-! 

\.\.'eights of shoots and fiuits after ovcn drying at 70 5 5' C. Drying and wclghing 

ttlere repcated till  constant weights were obtained and expressed in g. 

3.1.3.1.1.4 Shoot/ Root Ratio 

'I'he plants were pulled out at harvest and the dry weights of shoots and rooLs 

were rccurded. From this shootlroot ratio was calculated. 

3.1 -3.1.1.5 Spread of Canopy at Flowering 

' I  111: canopy spread was rneasured as the r n ~ ~ i r n u m  lateral diame1t.r t h r ~ i i g h  

thc r ~ l a i ~ l  stcm of thc: plant at f l o ~ t r i n g  and expressed in cm. 

3.1.3.1.2 Crop Yield Attributes 

3.1.3.1.2.1 Dib~s to First Flowering 

l ' (h;~i I I L I I I ~ ~ C T  ~f days takcrl hr thc plan1 lo floiier in cacl l  tl-catnlctil u ,15 

rccurdcd. 



3.1.3.1.2.2 Number of Flowers per Plant 

The total nu~nbcr  of flowers was recorded in each treatment 

3.1.3.1.2.3 Number of Fruits per Plant 

'The total number of fruits was recorded in each treatment. 

3.1.3.1.2.4 Setting Perccniage of Fruit 

Fruit set was calculated by dividing the total number of  fruits f'om~cd ill lllc 

plant with the total number of flowers produced in the same plant and expressed 

in percerlcagc. 

3.1.3.1 -2.5 Length and Girth of Fruits 

Lcngth of randomly selected 10 tkuits were measured and thc mean ~vorked 

out and expressed in cm. Fruits used for measuring length were also l ised for 

recording the girth. It was measurcd at the broadest part of the h i t s  and 

expressed in cm. 

3.1.3.1.2.6 Hundred Fruit Weight 

From each plant, 10 fruits were drawn at random and their fresh xvcigl~ts 

recorded which was multiplied by 10 to obtain 100 fruit weighr. 

3.1.3.1.2.7 .4scorbic Acid Content of Fruit 

'I'hc ascorbic acid content of fruits was estimated by tirrimztric methid 

(Gyorgy and Pearson. 1967). 

3.1.3.1 -2.8 Fruit Yield per Plant 

Fruit yield per plant was calculated by summing up the weight of f r u i ~ s  i n  

each plant and expressed in gram. 

3,1.3.2 C/irnricnlAnrrlysis 

3.1.3.2.1 Soil Analysis 

Soil sn~nplcs were taken from experimental area before and aficr thc 

expt'ri~ncut. Composite samples were collected iium each plot. air dricd. 



pondered and passed through 3 mm sieve and analysed tb r  organic curbon. 

a\ailablc h'. i~\ai lablc P:05 and KzO as per the standard nnal~~ticnl n ~ e t h ~ ) d s .  

A~;lilable N status of soil was estimated using alkalinc potassium permang;lnatc 

nlethod (Subbiah 2nd Asija. 1956). available P status by bray colorimetric n ~ u t h o d  

(Jackson, 1973) and available K status of soil by ammonium acctntc method 

(Jackson, 1973) 

3.1.3.2.2 Plant Analysis 

3.1.3.2.2.2 KPK Content 

Plant samples were ana1~st.d for nitrngen. phosphorus and potassium at 

harvcst by adopting standard procedures. 'I'he plants were chopped and driod in 

hot air oven at 70 i j0 C separately till constant weighs were achieved. Samples 

were then sieved through a 0.5 mm mesh in a Willey mill. Nitrogen content was 

estimated using a lnicrokjeldahl method (Jackson, 1973): phosphorus collterlt 

using vanadomol~bdophosphoric yellow colour method (Jackson, 1973) and 

potassiun~ content using flame photometer (Piper, 1966) 

3.1.3.2.2.2 NPK Uptake 

The total uptake of N, P and K were calculated as the product of per cent 

content of nutrients of the plant samples and dry weight and expressed as p pl;in~" 

Bacterial count for fluorescenr pseudomonads in soil samples colloctcd fi.om 

each treatment were enumerated by serial dilution and plate technique using 

Kitlgs B intldiurn of  fol lo~~, ing compvsitio~l (King et cd.,  1954). A dilution o f  lo-'' 

tvns used for plaring the rhizospllcre soil. 

Kings B medium 

Pcptone - 20.0 g 

K2HP04- 1.5 g 



3.1.3.4 Scoring fur Disease Ittciclrttce 

Fruit rot 

\uinhrr  of' fruits i ~ ~ k c t e d  per plant 
Per cc.111 1iii1.ct1on = . -- - x 100 

I old1 n u ~ n h e r  of' lruits per plant 

3.1.3.5 Ecnttomics of Cultivafion 

Net returns Rs ha-' = Ciross returns - cost of cultivation 

3.1.3.6 Betrefit-CoslRatio 

The benefir-cost ratio was worked out from  he cost of cultivation and the 

returns dzri~ped from the treatments. 

Gross rcturns 
Bcrlctit-Cost ratio = - 

Cost of cul~ivation 

Data relating to each character were analysed by applying the 

analysis  oi' \.ariancr: ( : l h O V A )  a s  applied to factorial randomised block 

drs ign  (I'ansc and  S ~ ~ k l ~ a t i ~ ~ c .  1 0 8 5 )  and the significance was tested b!, I: 

rest. I'llc data that  do not satisfy t h e  basic assumptions of : I hOV,4  w r c  

~ p p r o p t i i i t c l y  ~ r a n s f ' u r ~ n e r i  a ~ i d  r l ~ c  t r a n s f o r n ~ e d  values wcro used f o r  

analysis of' \. a~ . i ancc .  



3.2 EXPERI,LlEN1'11 

RESPONSE 01: CHILLI TO PLANT GROWTH l'l<(IhIO-SlN( i 

RHIZODACTERIA FLUORESCENT PSEUDOMONADS. AZOSPIRII, L &;I 1 

ANr) CHEMICAL FEKTILTZERS 

The experimental site was the garden lands of the Instructional farm 

attached to the College of Agriculture. Veilayani, located at 8.5" N latitude and 

76.9' E latitude at an altitude of 79 In above MSL. 

3.2.1.2 Soil 

The soil of the experimeiltal site was red loam, acidic, luw in aiailablc N. 

nlediunl in a\*ailable phosphorus and low in available potassium. The soil or the 

experimental site was sandy clay loam belonging to the taxonomical order Oxisul. 

The important physiochemical properties and pH of the soil are presented i11 

Table 3.2. 

l'ablc 3.2 Soil characteristics of the espt.rimcnta1 site 

A. Mechanical composition 

Method used 

Bouyoucos hydromt.tsr 

method (Bou)oucos. lYh2) 

Parameter 

Coarse sand. O/o 

1-inc sand. % 

Silt. 'Yo 

Claj. 

Content in soil 

13 

48 

17 

23 



a0 

B. Uhcmic:tl composition 

3.2.1.3 Cropping History u f tlt e Field 

Paran~ctcr 

Available N. kg ha" 

Available P2o5, kg ha" 

Available K1O. kg ham' 

Organic Carbon. % 

Soil reaction, pH 
I 

'Thc cxpcrimcntal area was under a bulk crop of chilli before the experiment 

The field experiment was conducted during the period from 13-17-2002, to 

14-04-2003. The data on various weather parameters like rainfall, mir~imurn and 

rnaxinlul~~ temperature, relative humidity and evaporation during the cropping 

period are given in Appendix I1 and graphically presented in E'ig 3. 

Content 

278.79 

36.34 

77.95 

0.36 

5.1 

The variety used was Jwalasahi,  which was also used in ~ h t .  pot 

oxpcriment. 

Method 

Alkaline potassiuin permanganatc me thud 
(Subbiah and Asija, 1956) 

Bray colorimetric method (Jackson. 1973 j 

Ammonium acetate method (Jackson. 1973) 

Walkley and Blacks rapid litration n~ethod 
(Jackson, 1 973) 

pH meter with glass elec(rude (Jackson. 197.3) 

?'he sccd material was obtained from the Department of Plant Brceciing. 

College of Agriculture, Vellayani. 

Seccis were sown i n  well prepared nursery beds of 1.2 m width and 15 cm 

height uith channels around t11et11 to facilitate drainage. The seeds wero sown on 

13- 12-2002. 'Tht: szedli~lgs were irrigated everyday. Hand weeding and plant 

~ ~ O I L ' C ~ ~ C ) I I  opcr;ltiuns: wtrc under~akcrl periodically as pcr the package ol' practicc 

st.ut~n~lncnd:~tions. 'I'he seedlings were ready fbr transplanting in 30 days, 



- A Waxhnurn temperature eC) +Rainfall (mm) 
- Minimum temperature +Evopaation (mn) 

Fig. 3 Weather pmmoten  during the cropping perlod g3gDetgbrb 2OP2 to Aprll2005) 



3.2.1.6.2 Field Culture 

' l he  main tield \\;IS ploughed, clods broken. cleared of  stubblcs ; i n J  plots 

ivcru laid out wit11 hunds of 31) clrl width all round. Individual plots \vul.u agn!n 

diig and perfectlv 1evcllc.d. Ridges and furrows were formed 45 c111 apart. Plants 

were given uniform irrigation. Shade was provided with banana Icaves for the first 

four days after planting. 

3.2.1.6.3 Application of Manures and Fertilizers 

I T M @  25th.a-' was applied uniformly to all thc plots. N, P?Oj and KzO 

wcre applicd in the form of urea, rnussoriphos and rnuriale of potash at 75 per 

cent, 100 per cent and 125 per cent of the Package of Practice Recommendatiolis 

'Crops' (KAU, 1996) to the respective plots as pcr the treatment. Entire quanrity 

01' P2O5 and !4 N and !4 K:O were given as basal. 9'4 N and '/4 K:O was applied 30 

days after transplanting and remaining !4 N and KzO 30 days after the tirst 

topdressing. 

3.2.1.6.4 Riofcrtilizer Application 

Seedlings were dipped for 20 minutes in a thick s1~~r t -y  of talc based 

formulations of fluorescent pseudomonads isolates, Azospirillirm and mixture of 

i4:usl~i~illtrrn, and fluorescent pseudomonads ill 1:l  proportion according to the 

treatments. ,4 foliar spray ( 2 %) with flourescent pseudomonads and A ~ o . ~ ~ ~ i r . i l f ~ ~ t ? ~  

was given 30 days after transplanting for the respective treatments. 

3.2.1.65 After Cultivation 

Gap filling was done with healthy seedlings. Regular irrizntion arid weeding 

R-err: carried out. 

3.2.1 -6.6 Plant Protection 

Leaf curl incidence due to mite attack was noticed and hcnce Di~nctl~or~te 

was sprayed 4 times, for getting satisfactory fruit and sccd yicld. 

T112 hold experiment was Iaid out in Factusin1 Kandon~ised RIock Ucsign 



wit11 3 replications (Fig.4). Thr: details of the layout arc given bcloi\. 

Design 

Number of treatment combinations 

Replications 

Total no. of plots 

Gross plot size 

Net plot size 

Variety 

Duration 

: Factorial RI3D 

: 12 

: 3 

: 31; 

2 .7  rn x 3.15 m 

: 2.25 rn x 2.7 rn 

: Jwaiasakhi 

: 130 days 

A. Levels of fertilizers 

F - 75 per cent of the recomnlendzd dose of NPK 

FI - 100 per cent b 5 (POP) 

Fj - 125 per cent . * 

B. Bioi'srtilizers 

B,  - Fluorescent pseudonlonads isolatc 

B; - Fluorescent pseudonlonads isolatc + Azospirill~ln? 

Notc : 1'01) recommendation - 75:40:15 kg NPK ha-l 

FYhl  2 5  t ha-' will be applicd uniformly in all the plots 

Trc;~ tmctlt combinations : (T) 

I.'] t3 - 7 j per cent ol' the reco~~~nlrr ldsd dose of NPK 1 -  Fhluurcsccnr 

pseudomonads isolate 



Fig. 4 Layout of  experiment I1 



b'1 B: - 75  per cent of the rccnmmendcd dose of NPK + ;l:ospi~-ill~rru 

FIB; - 75 per cent of thc recommended dose of NPK + Fluorcsccnt 

pseudornonads isolate t. Azospirillltrn 

I 4 - 75 per cent of the recommended dose of NPK + Xu biofcrtiiizcrs 

F2B1 - 100 pcr ccnt ofthe recommended dose of NPK + Fluorescent 

pseudomonads isolate 

F z b  - 100 per cent of the recommended dose of h'PK +i;l:ospirilliu?r 

F2B; - 100 per cent of thc rccoi~~n~endcd dose of KPK t- F I u o r c s ~ c ~ l l  

pseudomonads isolate + Azospirill~inr 

F ~ B J  - 100 per cenl of the recoinlnended dose of KPK -t No biofertilizers 

F;B[ - 125 per cent of the recommended dose of NPK + ~ ; l ~ ~ ~ ~ ~ ~ ~ ~ ~ t  

pseudoinollads isolate 

F3B2 - 125 per cent of the recommended dose of NPK +.)l=ospil-illunz 

F3B; - 125 per cent of the recon~mended dose of NPK + Fiuorescent 

pseudomonads isolate + Azuspirillrlm 

F3B4 - 122 per cent of the rccomnlended dose of NPK + &o biofc'crti1izt.r~ 

3.2.2 Observations 

Observations were taken on important paralncters associated nil11 gro~vth 

and yield of  chilli. Five plants were selected for the purpose of study in  the field 

expurirnent. Parameters considered and methods followed are briefly staled belo\\ 

3.2.2.1 Observrrtions oit Crop 

3.2.2.1.1 Crop Growth Characters 

3.2.2.1.1.1 IIeight of plant at different growth stages 

I'llc hcight L of the plant was nleasurcd from the base to lhe growing lip c ~ f  the 

plant at Ilo\t.et-ing aar~d harvest . For ficld cspcrimcnt, this observation byas tukcll 



from five plallts at in each plot aftcr clirninating border r0n.s. The mean 

plant heights were worked out and expressed in cm. 

3.2.2.1.1.2 Number of Br:lnchcs at Different Growth Stiigcs 

The total number of branches pcr plant at growth stages vi:.. flokvering and 

llarvest were recorded . 

3.2.2.1.1.3 Dry Matter Production at Harvest 

Dry matter production of each plant was worked out by recording d n  

weights of shoots and fruits after oven drying at 70 i 5' C. Drying and \vrighing 

were repeated till constant weights wore obtained and expressed in g. 

3.2.2.1.1.4 Shoot1 Root Ratio 

The pIants werc pulled out at harvest and the dry weights of shoots and roots 

were recorded. From this shootlroot ratio was calculated. 

3.2.2.1.1.5 Spread of Canopy at Flowering 

The canopy spread tvas measured as the maximum lateral diameter through 

the main stem of the plant at flowering and expressed in cm. 

3.2.2.1.2 Crop Yield Attributes 

3.2.2.1.2.1 Time of 50 per cent Flowering 

Total number of days taken for 50 per cent of the plant population to floki-er 

in each treatment was recorded. 

3.2.2.1.2.2 Nurnber of Flowers per PIant 

lm'lowcr production on the observational plants was recorded from the firs1 

flower opening t i l l  the flower production was ceased. 

3.2.2.1 2 .3  Nun] bcr of Fruits 

'I'hc tutal ~lumbcr  of fruits on the five obser\,a~ional plants was recol-dcd rind 

the avcragc worked out was recorded in each treatment. 



3.2.2.1.2.4 Setting Percentage of Fruit 

Fruit set was calculated by dividing the total nurnbcr of fruits for~ned in lhc 

plan1 with the total number of flowers produced in  he same plant and cxprcssed 

in percentage. 

3.2.2.1.2.5 Length and Girth of Fruits 

Length of randomly selected 10 fruits were mcasured and thc mean 

worked out and expressed in cm. Fruits used for measuring length were also uscd 

for recording the girth. It was rneasurcd at the broadcst part of thc fruits and 

expressed in cm. 

3.2.3.1.2.6 Hundred fruit weight 

From each plot, 100 fruits were drawn at random and their fxcsh weight 

recorded and expressed in gram. 

3.2.3.1.2.7 Ascorbic Acid Content of Fruit 

The ascorbic acid content of fruits was estimated by titrimetric tncthod 

(Gyorgy and Pearson. 1967) 

3.2.3.1.2.8 Fruit Yield per Plant 

Fruit yield per plant was calculated by summing up thc weight of fruits in 

each plant and expressed in g 

3.2.3.1.2.9 Fruit Yield per Plot 

Total yield was calculated by summing up the weights of fruits o n  all t l l c  

plants in a plot and expressed as kg ha-' 

3.2.3.2.1 Soil Analysis 

Soil samples were taken horn expcrimcnta1 area before and aftcr the 

cxperrment. Composite san~ples were collected from cach plot, air dl-izd. 

powdcr-eci and passed through 3 mm sieve and analysed for organic ciirbo11. 

available N. available P205 and Ei20 as per the str-mdnrd analytical n~cthods  



:'ivailablc N stntlls of soil was cstirnatcd using alkaline potassium permangarinrc 

 neth hod (Subbiah and Asija, 19561, available P status by bray coloritnctl-ic methud 

(Jackson. 1973) and available K status of soil by ammonium acetate mcthod 

(Jackson. 1973) 

3.2.3.2.2 Plant Analysis 

Plant samples were anaIysed for nitrogen, phosphorus and potassium at 

l l a r~es t  by adopting standard procedures. The plants were chupped and dried in air 

oven at 70 -t 5' C tiH constant weights were achieved. Samples tvcre the11 passed 

through a 0.5 rnm mesh in a Willey mill, h'itrogen content was esti~l~atcd using 

microkjeldahl method (Jackson, 1973) phosphorus content using 

vanndon~olybciophosphoric yellow colour method (Jackson. lC173) and potassium 

content using flame photometer (Piper: 1966) 

3.2.3.2.2.2 NPK Uptake 

The total uptake of N, P and K were calculated as the product of per ccnt 

content of nutrients of the plant samplcs and dry weight expressed as kg ha-' 

3.2 3.3 Brrcferic~i Popriln f ion in Ill e Rlt izosp h err 

Thc population of A:nspirillum and fluorescent pscudoinonads in thc 

rhizosphcre soil samples collected from each treatment were cnumcrated by serial 

dilution and plate technique using respective medium. P'or i l :os~~ir . i / /~rni .  nirrogi.11 

free broth of f'ollowing composition (Raldani and Dobereiner, 1980). ancl f'ur 

fluorescent pseudomonads Kings B media (King ur id., 1954) were used t i ~ r  

enurncrating 4zo.~pirill~rm and pseudomonads at dilutions of I 0'' 

Nitrogen Free Semisolid Malate Mcdiurn 

Malic acid - 5.0 g 



'I'race elenlent so l i~ t iu~ l  - 2 ml 

Fruit rot 

Vumber of fruits infected per plant 
Psr cent i~lfccticm = >i 100 

I'otal numbcr uf fruits per plant 

N L , ~  I , ~ I L ~ I - ~  ~5 1111.' - 1;1-i)5h 1.rturns - cost vi 'cu~t iva~ion 

'I'hc: benefit-cost ratio ivas worked out fi+o~n the cost of cultivation and the 

returns derived from the treatments. 

Gross returns 
Hencfil-Cost ratio = - 

Cost of cultivation 

IIa(i1 rcl;itillg r t ,  each chasacrer were a11a1yst.d by applying the analysis ot' 

i,;iri;incc ( .-ZN( I\':\ ) a.; ;~ppliecl to factorial randomised block design (Panse ancl 

Sukharmc. 1 0 8 5 )  ; i ~ ~ d  the significance was tested by F test I11 areas whert. thc 

effects ~.r t .e  ~ O L I I I C ~  t~ tx significant, C:D values were calculated by using standard 

~ttchniqucs. 



RESULTS 



4. RESULTS 

The present study was ~ i i~der taken  at thc College 01- Agriculture. 

Vcllayani during the period from July 2002 to April 2003. 7-he objcctivcs 

of the experiments were to evaluate fluorescent pseudomonads isolates i o r  

growth prolnotion and  yield i n  chilli, to assess the suilability of the bust 

isolate as a biofertilizer either alonc or in combination with rl=o.~pirilllinl.  

and to work out the economics of production. The data collected werc 

statistically analysed and  the results are presented in this chapter. 

4.1 EXPERIMENT I 

4.1 .1  Growth Characters 

Data generated on growth characters like plant height, nuin ber o f  

branches. canopy spread, dry matter production and shoot root ratio arc 

presented in this section. 

4.1.1.1 Plant Hright (Table 3.1.1) 

'She results revealed that pIant height was significantly influenced bq 

thc diffcrent treatments at 30 DArI' and 60 DAT. The treatment T4 

(FIuorescent pseudomonads isolate P Z 2 )  recorded the maxirnun~ plant 

height a t  all stages of growth viz. ,  30 DrZT. 60 DAT and 90 DAT (35.98. 

37.25 and 43.63 crn respectively). At  30 DAT and 60 DA'I. 'T4 was 

sigi~if ica~l t ly  superior to all other treatments. The plant height at 90 [I,\? 

did 11ot show any significant difference among various treatments. 

4.1.1.2 A'icmber of Brnrlclres (Table 4.1.2) 

Among various treatments. application of different f luorcsccnt  

pseudomonads isolates had significant influence on the numbcr of 

branches per plant. Treatment ?'A recorded the highesl number of  brnnchcs 

at diSKcrent growl11 stages viz . .  30 DAT. 60 DAT and 90 DAT (8.25. 13.2 j 



'I'able 3.1 .1  t.ffcct of'lluoresccnt pseudomonads isolates on plant height. cm 

1-ablc 4 . 1 . 1  t;f'i'ect 01' tluorescent pseudomonads isolates on  numbcr of' 
branches 

7.- -- 

t r ~ ~ r e a ~ ~ ~ ~ c ~ ~ ~ s  60 DAT 90 DAT 

-1 
. - 

' 1 ' 1 ( 1 ' 1 )  1 24.95 I 34.25 40.88 

I 
-- 

' I ' r ca tn~c t i~s  T Y D A T  90 D A I  C- 
' [ I  ( I ' , )  -7 - 6 16.25 

1 

I 

1': ( l ' i )  24.10 

SS:  Nr)l s igr~~I ' ic ; l~ l t  * *Sig~i i l ' i c i~nt  ;it 1 pcr a n t  level 'Signii'icant at 5 
ilt21, C C t l l  le\,cl 

34.73 40.83 



PIde 1. QaituraI view of pot oulttsn trkl ( E y n m m t  1) 



and 18 .5  respectively) and was significarltly superior to all othcr 

trt'rllmcn ts.  

4.1.1.3 Dry ~Wntter Prorlltrtioti at Harvest (Table 4. I .3 )  

A cri t ical  allrilysis of the data indicated that treritmcnts s igni l ' icr~nt l~ 

influenctd the dry matter production at harvest. Thc m n s i m u m  d r  117:itic1. 

procluction \\as rccorded for treatment T4 (56.25 g plant") w h i c h  wilh on 

par kvith treatment ?'> and was significantly higher than other trentmcnts 

Treatment T5 (Isolate K K l h )  recorded the lowest dry  mattcr pruductiotl 
1 (46.73 g plant- ). 

4.1.1.4 Sltoot Ruot Rnfio (Table 1. I .  3) 

A perusal of' the data revealed that Pz2 isolate u f  fluorcscerlt 

pseudomonads IT4) was the most superior treatment with a shoot root ratio 

of 4.32 and i t  was significantly superior to other treatments. Thc lowest 

shoot root ratio was noticed f o r  treatment 'rj (3.16). 

4.1.1.5 S P P L ' C C ~  of Canopy (Table 4.1.3) 

Analysing the data on the spread of canopy, it was found that 

maximum canupy sprcad (38.40 c m j  was recorded for t reat~nent  T I  and 

fias signif'icantly superior to other treatments. 

1.1.2 Yield and Yield Attributes 

4.1.2.1 Days to First Flowering (Table 4.1.4) 

Thc data on the influence of various treatments on days to f i rs t  

flowering showed that the different treatments had no significant i n f 1 u c . n ~ ~  

on this yield attribute. 

4.1.2.2 Number of Flowers per Platti ('Sable 4.1.4) 

h 'u~nbet  of flowers per pIant did not show any significant dil'li'rc11ct' 

iiue to treatments. Treatment T1 recorded thc maximum n u m b e r  o f  Ilou crs 

( 1  08.00) follouecl by T3 (106.00). 



4.1.2.3 N~tmbrr  of Fruits per P / ~ l l t  (Table 4.1.4) 

A critical review of the data showed that the application of different 

isolates of fluorescent pseudomonads significantly influenced the number 

of  frui ts .  The maximum number of fruits (52.75) was notcd for tho isolate 

P I  ( T I )  and was on par wit11 Pzz (50.25). The lowest number of fruits was 

recorded for treatment T5 (41 2 5 ) .  

4.1.2.4 Setting Percrniagr of Frcrits (4.1.5) 

The data on frui t  setting percentage indicated that different  

treatments did not significantly influence this character. Maximum fruit 

set was noted for treatment (55.39 %) followed by T j  (53.59 %). T1 

(Fluorescent pseudomonads isolate Pj) recorded the lowest fruit setting 

percentage (46.25 %). 

4.1.2.5 Length and Girllz of Fruif (Table 4.1.5) 

The treatments exerted significant influence on the length and girth 

of fruits. Maximum length and girth of fruits was observed for T4 (8.77 

cm and 3.46 crn respectively), which was on par with T3 (8.42 cm and 4.34 

cnl respzctively) and was significantly superior to other treatments. 

Hundred fruit weight was significantly influenced by the application 

of fluc~rescent pseudomonads isolates. T4 recorded the maximum value 

(589.90 g), which was significantly higher than other treatments. ?'he 

lowesl value for 100 fruit xveight was observed for treatment T2 ( 5  10.50 g). 

4.1.2.7 Ascorbic Acid Cotrfeni of Fruits (Table 4-1-61 

?'he results revealed that TJ registered highest ascorbic acid cuntent 

j I f  1.02 lng 100 g + ' ) .  But the magnitude of variation bet!\-cen difFerent 

trcatments did not touch the level of statistical significance. 

4.1.2.8 Fruit Yield per Plunt (Table 4.1.6) 

Data pertaining to f ru i t  yield pcr plant revealed that the highest f ru i t  



Table 4.1.3 Effcct o l  PI uorescent pser~domonads isolates o n  dry mat te r  
pyoduction, shoot root ratio and canopy spread 

Table 4. I .4  Effect of' fluorescent pseudomonads isolates on days to  first 
flowering, number of flowers plant-' and number of fruits 
plant-1 

i<n~cnts 

N S :  Not signisicant **Significant at 1 per cent level "S ign i f i ca~~ t  at 5 
per cent level 

Dry  matter production, 
g 

49.02 

Treatments 

1 1 ' 1 0 ' 1 )  

Shoot- root ratio 

3.40 

Days to first flowering I No. of flowers 
I 

- ---_ 

Cnnupy spread. I 
C 111 I 

--, 

36.75 I 

No.  of fruits  
p ~ a n t - l  

33.75 105.00 1 - - ,  < 7  7 j  
--I 

I 



' l '~ihlc 4 I . I .  t ' f 'c~t 01' l ' luurc'scunt pseudomonacis i~oIi11cs OII l 'ruit set t ing  
1~crcrn1ngc.  length al-icl gir th  of- l 'ruits 

i I r ea tmunth  I Sct t lng  percentage. Length u f  f'ruil. 
I pel* cent cm 
I --,- . -- 

'I'ribll: 4 .1 h Fffcct ul' f luurcscen~ pseudomonads isolatcs o n  100 f ' r u ~ t  
~ i c i g h t .  ascorbic acid contunt of fruits ,  and fruit yicld 

; ~ ~ s c o r b i c  acid -, 1 Fruit ~ i e l d ,  , g 

content, mg 100 g plant' 

I 1 1  (1 '1)  $33 -- 73 8 9.74 20 1.47 
I 

NS: Not  significanr **SiggniSicant at 1 per cent level *Signi f icant  at 
i pt.1- C c ' t l L  Icvcl 



Plat. 2. Cknt. tnrtrd with diffannt irulak. d H u ~ n t  
po.udornonmd8 vh., P,, P,, P,,, P,, and KR,, 



yield was obtained for trealinent T t  (201 -47 g plant-'] which was on par with 

treatment T4 (200.71 g plant") and was significantly higher than all other 

treatments. Lowest yield was noted for treatment T5 (158.84 g plant-1). 

4.1.3 Soil Analysis 

4.1.3.1 AvaiInble Nitrogen Status of Soil (Table 4.1.7) 

Available nitrogen status of the soil after the experiment was the 

highest for trcatrnent Ts (324.58 kg ha-') and this was signii'icantly 

superior to all other treatments. Treatment T4 recorded lowest available 

nitrogen in soil (743.04 kg ha") and was significantly inferior to other 

treatments). 

4.1.3.2 Avnikuble Pltospltorus Stntus of the Soil (Table 4.1.7) 

Available phosphorus status of soil was significantly influenced by 

the different treatments. As in the case of available nitrogen status of thc soil, 

treatment T5 recorded highest available P status of the soil (60.93 kg ha-') and 

was significantly superior to all other treatments except Ta (56.91 kg ha-'). 

4.1.3.3 Availnbls Potassium Status of Soi l (Tab1e 4.1.7) 

With regard to available K status of the soil the highest value was 

obtained for treatment T2 (131.04 kg ham1) which was significanlly 

superior to all other treatments except T5 (123.65 kg h i 1 ) .  

4.1.3.4 Orgarric Carbolx Status of Soil (Table 4.1.7) 

'I'ht: different treatments had no significant influence on the organic 

carbon status of the soil. 

4.1.4 Plant Analysis 

4.1.4.1 Cor~terrt of Nitrogen, Plzosphorlrs nrlri Pornssitim 

4.1.4.1.1 Nitrogen Content of Plants (Table 4.1 .S)  

11 perusal of the data revealed that plant nitrogen content was 

~ i g n i f i c n n t l ~  inlluenced by different isolates of fluorescent pseudomunads.  



Table 4.1.7 Effcct of fluorescent pseudomonades isolates o n  soil YI'K status 
and organic carbon content 

Table 3.1.8 Effect of fluorescent pseudomonads isolates on plant nutrient 
content, per cent 

Treatments 

TI  (P1) 

T2 (P5) 

T3 ( P I J )  

TJ (p?? )  

T5 ( K K I ~ )  

F 

CD 

I i S :  I iot  signil'icnnt **Signiiicanl at 1 per cent level *Signi f icnnt  ~ l t  3 
per cent  level 

N ,  kg haA'  

286.16 

302.63 

263.42 

243.04 

324.58 

26.52"* 

18.734 

Treatments 

- r ~  {PI )  

N 

Organic 
r carbon. 

per cen t  

0.73 

0.74 

-I 
I 

P,  kg ha-' 

54.73 

56.9 1 

52.60 

K, kg ha-' 

119.62 

131.04 

1.64 1 0.37 1.79 

P 

46.54 

60.93 

14.09** 

4.288 

- 
K 

114.21 ; 0.74 1 
i 

105.50 

123.65 

285.6 1 * * 

9.613 

0.78 

0.71 

1.26 '" 
- 



Treatment 'r, had thc maximum content of nitrogen in plant sample ( I  .85 

%) and was sigtlificantly superior to all other treatments. Here the louost 

valuc (1.6 1 %) was recorded for treatment T5. 

4.1.4.1-2 Phosphorous Content of Plants (Table 4 .1 .8  j 

With respect to phosphorous content of plants, T.4 recordcd tllc 

highest value (0.40 %) and was significantly superior to all other 

treatments except T I  (0.37 9'0). 

4.1.4.1.3 Potassium Con tent of Plants (Table 4.1.8) 

The data on the K content of plants revsalcd that the highest 

potassium content was recorded for treatment Tj  (3.20 %) and was 

significantly higher than all other treatments. 

4.1.4.2 Uptake of Nitrogen, Phosphorlrs and Pofclssium 

4.1.4.2.1 Nitrogen Uptake (Table 4.1.9) 

Nitrogen riptake of plants  was significantly influenced bq- vario~rs 

treatments. Highest uptake was noted for treatment TJ (1.06 g 

which on par with 'T; (0.95 g plant-') and both these treatments xcre  

significantly superior to other treatments. 

4.1.4.2.2 Phosphorus Uptake (Table 4.1.9) 

P t ~ ~ s p h o r u s  uptake by plant was profoundly influenced by var ious  

treatments. It was noted that treatment Tj recorded the highest P uprake 

by plants (0.22 g plant-1) and was significantly higher than othur 

treatments. 

4.1.4.2.3 Potassium Uptake (Table 4.1.9) 

Potassium uptake was markedly intluenced by thc differel11 

treatrncnts. T, recorded the highest K uptake (1.74 g plant") and was 

signi li'icantly superior to othcr trcatrnents. 



Table 4.1.9 Effect of fluorescent pseudomonads isolates on plant nutrient 
uptake. g plant- '  

Table 4.1.10 Effect of fluorescent pseudomonads isolates on fluorescent 
pseudomonads count in the rhizosphere and fruit rot 
incidence 

Treatments 

I 
T1 ( P i ]  

TZ (Pj) 

T3 (hi) 

T4 ( P z d  

7- 
Transformed values %'x + 1 are given in parenthesis 
NS:  Not significant **Significant at 1 per cent lcvcl *Signif'icrint a t  5 
per cent Icvel 

N 

0.80 

0.8 1 

0.95 

1.06 

Treatments 

P 

0.18 

0.14 

0.19 

0.22 

Fluorescent pseudomonads count, 
cfu x l oh  

K I 

0.85 - 1  
I 

0.81 

0.57 

I 

Fruit rot incidence, 
per cu l t  

< I ' I ( ~ I )  1 2 4.2 5 0.35 ( I  .16) I 



Table 4.1.1 1 Effect of  fluorescent pseudomonads on economics of 
cuitivation 

NS: Not significant **Significant at 1 per cent level 'Significant at 5 
per cent level 

Treatments 

TI  (Pi) 

'i-2 (Py) 

N e t  income, Rs plant-' 

1.53 

0.90 

I 

Benefit-cost ratio 

2.03 

1.61 

1 .S1  I 

2.02 

-1.3 u'1.4) 1.21 

I I'4 ( P 2 2 )  i 1.52 I 



Plate 3 Plants treated with the best isolates of 
fluorescent pseudomonads viz., P, and P, 



4.1.5 Bacteri i~l  Population in the Rhizosphere (Table 4.1.10) 

Data pertaining to the bacterial count in  the soil revealcd tha t  

dif'f'crent trratmellrs I ~ a d  no significant intluunce on  thc t l u o r e s c c ~ ~ t  

pscudomunads count in the rhizosphere. M a x i ~ n u r n  count  as recurcitll 

t-or t r c i l ~ n ~ c n ~  I t 2 0  00 K 10'' ci'u F-' soil) 

4.1.6 Scoring far Disci~se  Incidence ('l'able 4.1.10) 

-1'11t. data 011 disease scoring indicated that fruit rot incidence M ; ~ S  

minimum for t r e a t m e ~ ~ t  T I  (0 .35 %) and was significantly lowcr than that 

in orhcr tr-eat~nerlts. Trearmelil 1'3 recorded highest disease incidence 

( 1 1 .J.i 9%) and was sigllif ' i~antly highcr than others. 

4.1.7 Economics of Cultivation 

The data showed that among the different iluorescent pseudomonad3 

isolates. mnsimum net returns (Ks. 1 5 3  plant- ')  was.recorded by P I  which 

w a s  O I I  P i i r  i i r i t h  P 2 :  isulatt: ( 1 ' 4 )  ( i t '  Rs. 1 .51 plant-1 and it was significantl~ 

~ u p ~ r i u r  I O  orllcs trcatiiwIirs. 

#'it11 respect to bc~li,l ' i~-cost ratio also the same trend as that 01' ner 

returns \\as not ic td  and  treatment T I  rccorded the highest bcnefit-cost 

ratio of 2.03 and i t  was on par wit11 1'4 (2.02). 

4 .2  EXPEKIMENl '  I1 

4.2.1 Growth Characters 

.-I pc'riisal ot' the dlita t 'urnishtd 111 ' l ables  4 .2 . l a  and 4.2.1 b revealcd 

[ha[  at  all groii t h  s1ngc.s. i n o l - g , ~ ~ ~ i c  f e r t i l i ~ c r s  influenced plant he ig l~ t  

s i g ~ l i f ~ c a l ~ t l y .  At 30 DA I'. max imum plant height of 26.31 cm  as 

recorded by Fj  ( N P K  :i: . , 125 per cent of the recorninended dose) and was 

significantly superior to lower levels of nutrients. Similarly at 60 DAT 



Table 4.2. la .  Main effect of NPK fertilizers and bio fertilizers on plant 
height, crn 

Table 4 . 2 . l b .  Interaction effect of NPK fertilizers and biofertilizers on 

Treatments 

NPK fertilizers 

I 
F I 

F 2 

F3 

F 

CD 

Biofertilizers 

Bt 

B? 

B3 
BJ 
F 

CD I 

30 DAT 

23.16 
24.07 

26.3 1 

29.09** 

0.853 

24.64 
24.47 

25.73 

23.30 

8.94** 
0.985 

plant height. cm 
Treatment 

combinations 

FlBl 

I; rB2 

F I B3 

CD 

60 DAT 

35.10 1 42.15 1 

90 D A T  I 
1 

36.40 

34.21 * *  
0.568 

35.25 

35.29 

36.22 

34.54 

8.90** 

0.6 5 6 

- _ I  
NS: Not significant **Signif icant a t  1 per cent lcvel  *Significant a1 5' pcr cent  l cvc l  

1.706 

1 34.47 i 40.16 

43.27 

24.42** 

0.005 1 
11.88 

41.78 1 
43.00 

40.77 

6.13*+ 

1.045 

90 DAT I 

-- 
41.53 

40.53 

43.89 1 

30 DA'I' 

23.99 

24.4 1 

26.50 

1.137 1.810 

60 DAT 

3 4.8 0 

34.79 

37.63 

I I 





a n d  at harvest 125 per cen t  of the recomrnendcd dose of  N P L  \v;is 

significantly superior to others and recorded the maxirnurn plant height of 

36.40 cm and 43.27 cm respectively. 

Application of biofertilizers significantly influenced plant height  at 

30 UAT, 60 DAT and 90 DAT. Combined application of fluorescent 

pseudomonads and A,-o.spiriliurn (B3)  recorded the  maximum plant height 

at different growth stages vi:., 30 DAT, 60 DAT and 90 DAT ( 2 5 . 7 3  cm, 

36.22 cm and 43.00 crn respectively) and it was signific'antly superior to 

all other treatments.  At a l l  the stages, application of fluorescent 

pseudomonads (BI )  was Sound to be on par with Azo.spi~ilOtm treated 

plants (3 : )  and both these treatments had significantly higher plant height 

than D4 (no biofertilizers). 

The interaction between inorganic fertilizers and biofertilizers was 

significant at all growth stages. At 30 DAT, maximum plant height of 28.87 

crn was recorded by FjBj (NPK @ 125 per cent of the recommended dose + 

no biofertilizers) which was significantly superior to others. At 60 DAT, 

F3BJ produced the maximum plant height (38.57 cm) which was found to be 

on par with F IB3  viz., Fluorescent pseudomonads -+ Azospirill~im + 75 per 

cent of the recommended dose of' NPK (37.63 cm) and was s ig~l i f icai~tIy  

superior to all other treatment combinations. Maximum plant height of 46.01 

cm at 90 DAT was recorded by F;BJ and was significantly higher than others. 

4.2.1.2 Number of Brunches ('l'ablcs 4.2.2a and 4.2.2b) 

A critical analysis of the data revealed that levels o f  NPK fer r i l i~ers  

and biofertilizers significantly influenced the number of branches at 30 

DAT and 60 DAT. 

At 30 DAT and 60 DAT, highest number of branches was observed 

for F j  (8.50 and 12.87 respectively) and was significantly higher t han  t h r i t  

of plants treated w.it11 lower doses of nutrients. E l  (75 per cent o f  thc  

recomn~znded dose of NPK) recorded the lowest values (7.38 and 11.45 

respectively) and was signitjcantly inferior to others. However, nurnbtrr of  



Table 4.2.2b. Interaction effect of NPK fertilizers and biofertilizers on 

Table 4.2.2a. Main effect of N P K  fertilizers and  biofertilizers on nunlbcr 

C13 
NS: N o t  s i g ~ ~ i f i c a n t  

90 DA'I' - 

19.52 

19.83 

22.22 

2.77K" 

30.80 

20.53 i 
I 

21.60 1 
19.16 / 

0. 99Ns 

- 

of branches 

number of branches 

Treatments 

90 DAT 
I 

Treatment i 30 DAT 
combinations 

30 DAT 

60 DAT 

60 DAT 

1 1  - 4 5  

12.08 

12.87 

18.62** 

0.468 

12.07 

11.91 

13.22 

11.33 

17.38** 

0.540 

I I 
N P K  fertilizers 

F 1 

F2 

F3 

F 

CD 

Biofertil izers 

B I 

B: 
B3 

B4 

F 

CD 1 

7.3 8 

8.03 

8.50 

1 5 . 5 3 * *  

0.405 

8.00 

8.00 

8.49 

7.40 

7.36* * 
0.467 1 



branches at 90 DAT was not significantly influenced by different levels of 

fertilizers. 

With respcct to the application of biofertilizers, combined 

application of fluorescent pseudurnonads and Azospirillum ( B j )  registered 

maximum number of branches at 30 DAT, 60 DAT and 90 DAT (8.49. 

13.22 and 2 1.60 respectively). At 30 DAT and 60 DAT, B j  was found to 

be significantly superior to all other treatments. However 8:: 

(Azospir i / lun~)  and B1 (Fluorescent pseudomonads) were on par and 

superior t o  B4 (no biofertilizers), which recorded the lowest values (7.30 

and 1 1.33 respectively). Application of biofertilizers did not significantly 

influence the number of branches at 90 DAT. 

Interaction between NPK fertilizers and biofertilizers influenced 

branching significantly at 30 DAY and 60 DAT. At 30 DAZ', F3B4 

recorded the maximum number  of branches (9.33), which was on par with 

F IB3  (75 per cent of the recommended dose of NPK -t Fluorescent 

pseudomonads + Azospirillum) and weas significantly superior to all other 

treatments. At 60 DAT also the same trend was noticed and maximum 

number of branches was recorded by FIB;  (14.40), which was on par with 

FJB4 (13.73) and was significantly superior to othcr treatment 

combinations. There was no significant difference in the number of 

branches by interaction of NPK fertilizers and biofertilizors at 90 DAT. 

4.2.1.3 Dry Mntier Prodiictiort af Hnrvesf (Tables 4.2.3a and 4.3.3 b) 

Dry matter production at harvest was significantly influenced b j ,  

inorganic and biofertilizer inoculation. 

With regard to different levels of NPK fertilizers, highest dose of 

NPK (F3) produced the maximum dry  matter (50.60 g plant-I) and was 

significantly higher when compared to others. F I  (75 pcr cent of  the 

recornrnendcd dosc of N P K )  produced the lowest DMP (46.02 g p l a n t - 1 )  

and was significantly infcrior to others. 



?'able 4.2.3b. Interaction effect of NPK fertilizers and biofertilizers on dry 

Table 4 .2 .3a .  >lain effect of NPK fertilizers and biofertilizers on dry 
spread 

Canopy 
spread. cm 

35.48 

37.70 

3 9.6 8 

15.99** 

1.494 
I 

39.15 

38.08 

3 9.3 2 1 I 
34.92 1 

9-64" * 

matter production. shoot root ratio and canopy 

matter production, shoot root ratio and c a n o y  spread 

CD 1 2.115 1 1.726 

Treatments 

NPK fertilizers 

F 1 

F2 

F:, 

F 

CD 

Riofertilizers 

B 1 

B: 

B3 

3 4  

F 

1 CD 

Canopy 
spread, cm 

3 7.5 4 

3.663 0.606 2 . 9 8 9  A .- 

Dry matter 
production, g plant-'  

46.02 

48.28 

50.60 

12 .65* *  

1.831 

4 8.2 0 

48.07 

52.03 

44.40 

Shoot root ratio 

4.10 

'I'reatment 
combinations 

 FIB^ 

NS:  Nut aigrlificant **Significant a t  I pcr cent Icvcl *Significant at 5 pcr c e n t  l c v z l  

Shoot root 
ratio 

3.84 

4.23 

4.55 

11.18**  

0.303 

4.2 5 

4.13 

4.27 

4.18 

Dry matter 
production, g plant-1 

46.50 

15.39** 0 . 2 6 ~ '  



There was significant increase in dry matter production by 

biofcrtilizer inoculation. Fluorescent pseudomonads + Azospirillzim 

inoculation (B3)  registered the maximum D M P  (52.03 g plant-') and u-as 

significantly higher than B I  (48.20 g plant") and B2 (48.07 g plant- ' )  

which were on par. 

Interaction between inorganic nutrient levels and biofertilizer 

inoculation was also significant. F3B4 recorded rnasirnum DMP o f  56.87 g 

p l a n t 1  which was on par with F IB3  (53.73 g plant-1).  FIB^ (75 per cent u f  

thc recommended dose of N P K  + no biofertilizers) registered the lowest 

DMP and was significantly inferior to other treatment combinations. 

4.2.1.4 Slroot Root Ratio (Tables 4.2.3a and 4.2.3 b) 

Shoot root ratio was significantly influenced by inorganic nutrient 

levcls. Maximum value for shoot root ratio was noticed for F j  (4 .55)  and 

was significantly higher than the lower dvses of nutrients. 

Biofertilizer inoculation failed to have any significant influence on 

the shoot root ratio. However the maximum value was observed for B j  

(4.27 j. 

Interaction effect of NPK fertilizers and biofertilizer was significant. 

Application of 125 per cen t  of the recommended dose of NPK without 

biofertilizers produced maximum shoot root ratio 5 . 1 )  and was 

significantly superior to others. 

4.2.1.5 Canopy Spread uf Flowering (Tables 4 .2 .3~1 and 4.2.3b) 

Application of inorganic nutrients significantly increased canopy 

spread kvith 125 per cent of the recommended dose of NPK registering 

sigt~ificantly higher canopy spread (39.68 cm) than 100 per cent of the 

recommended dose of NPK (37.70 crn) and 75 pcr cent of  thc 

recomn~cndcd dose of NPK (35.48 cm). 

Inoculatiol~ of plants with biofertilizers significantly in1lurrnct.d 

canopy sprcad at 60 DAT. Maximunl canopy spread (39.32 cm) was nvtcd 



for fluorescent pseudomonads + Azospirillz~rn inoculation which was on 

par with inoculation of fluorescent pseudomonads (3 8.15 c m )  and 

sl=o~pir.illum (38.08 c n ~ )  individually and these three treatments were 

significantly superior to B4 (no biofertilizers). 

Interaction effect of inorganic nutrient levels and biofertil izcrs o n  

canopy spread was significant. Application of 125 per cent of the 

recommended dose of NPK + no biofertilizers (F3B4) registered maximum 

canopy spread (40.3 1 cm) which was on par with all treatment 

combinations except F2B4 (100 per ccnt of the recommended dose of NPK 

+ no biofertilizers) and F I B 4  (75 per cent of the recommended dose o f  

NPK + no biofertilizers). 

4.2.2 Yield and Yield Attributes 

4.2.2, l  Time of 50 per cent Flowering (Tables 4.2.4a and 4.2.4b) 

A perusal o f  the data revealed that the levels of NPK fertilizers had 

profound influence on the time of 50 per cent flowering. F j  took the 

maximum time to flower (36.67 days) and was significantly higher than 

that at lower levels of nutrients. 

In f luence  of biofertilizer inoculation on t ime of 50  per cent  

flowering was not signiilcant. Tht: interaction effect of inorganic nutrient 

levels and biafertilizers was also not significant. 

4.2.2.3 Number of Flowersper Piant (Tables 4.2.4a and 4.2.4b) 

The number  of flowers per plant shown in Table 4.2.4 indicntcs that 

inorganic nutrients intluenced this character signiticantly. Significant 

variations werc noticed among F3, FZ and F l  with F j  ( N P K  @ 125 pcr cent 

of thc recommended dose) recording the highest number of 108.23 which 

was significantly higher than F2 (104.27) and F l  (100. lo).  

Influence of biofertilizers on number of flowers plant-1 w a s  also 

s i g ~ ~ i f i c a n t .  1-lighest number of flowers was recorded for corn b incd 

applicatior~ o f  fluorescent pseudomonads and ~zos(? ir i l /um ( 1 10.20) .  



l a b l c  4 2  Ja  k1.1ai11 efikct of h P K  fertilizers and biofertilizers on time of 50 pc1 
cc~ll flu\zering, number of flowers plant-' and number of f r u ~ ~ s  

-- - . -- 1 I'ilnu of 50 per 
Trea tn lc~~ts  : cent  flowering, 

days 

N P K  fertilizers 
3 2 . 5 0  

i F. 34.83 
I - 
8 i: ; I 
, . -  - -  - . .... - I ... 

36.67 
I , '  i 12.39* * 

N u l l ~ b e r  of Number ol' 
flowers p l a n t '  fruits  plant-  I 

'I':ibie 4 2.4b. Interac~icln effect of Nl'K fertilizers and biofcrtilizers on time of' 
50 per ccnt ilo\\t.ring. n u ~ n b e r  of flowers plallt '  and number of' 
f'ruits /ant-I 

Time of 50 per 1 Treatment Number of 
cent flowering, I combinations 

days  flowers plant-' 
32.33 102.73 
32.67 103 -47 

114.73 

I l Y 2  L l :  1 - 
I -> > . O O  104.20 4 I .80 

F213 ; 1 10.47 i 38.67 

Number  of 1 
fruits plant-1 ' 

38.00 
36.47 
39.00 

1:: t3 , 7-7 - 7  

I 
.J .J . -3 -1 96.93 

! I [3  1 .; 5.00 106 .?0 

I.' L!! 4 .;(I 00 79 .37  32.20 

I 
Fl13 16 00 105.47 43.67 

29.67 
36.60 

I+-;H2 -3G.OO 104.00 35.60 
L3 1 37.00 105.40 3 6.9 3 

38.67 

I 1.' 19.39** 
i L C'1) ] 6.650 

. - - . . - -  ._ 5.000 
' 45 ,  h o t  :,~:II i t ' ~ c ; l i i t  * S ~ g l l i I ' ~ c i l r ~ ~  ;IT I p r l ,  ccnt  t e b c l  * S i g n i f i c a ~ ~ t  at .i per cent  l s ~ e l  



Plants which were not treated with biofertilizers (BJ)  recorded lowest 

number of flowers (97.91) and was significantly inferior to  other 

treatments. 

Interaction effect of inorganic and biofertilizers on number  of 

flowcrs was significant. F3B4 recorded the maxitnunl numbcr of flowers 

per plant (117.33) which was on par with F l B 3  (1 14.73) and was 

significantly superior to other treatment combinations. F1B4 recorded the 

Iotvest number of flowers (79.47). 

4.2.2.3 Number of Frrrits per Plant (Tables 4.2.4a and 4 .2 .4b)  

The different levels of NPK fertilizers did not show significant 

influence on thc number of fruits plant'1. 

However biofertilizer inocuIation significantly influenced th is  yield 

attribute. Maximum number of fruits plant-' (4 1.53) was noticed for B3 

(Fluorescent pseudomonads + Azospirillum) and i t  was on par with B vi:., 

fluorescent pseudomvnads (39.42) Plants which were not inoculated with 

biofertilizers (B4) recorded the lowest number of fruits plant-1 (3 I .09). 

The interaction between inorganic nutrients and biofertilizers was 

noticed to be significant. F I B 3  recorded the maxin~um number of fruits 

(49.00) and was significantly superior to other rrratmrnt 

combinations. 

4.2.2.4 Setting Percentage of Fririts (Tables 4.1.5a and 4.2.5 b )  

Setting percentage of fruits was significantly influenced b> h'PK 

fertilizers. F; recorded maximum setting percentage (45.11 %) and was on 

par with F2 (44.02 %). Lowest level of inorganics ( F 1 )  registered the 

lowest setting percentage and was significantly inferior to F j  and F:. 

Biorertilizer application did not significantly afl'ect fruit setting 

percentage, bur the maximum fruit set was noted for fluorescent 

pseudon~onads  inoculation (44.96). 



Table 4.2.Sa. Main effect of NPK fertilizers and bioikrtilizers on setting 

Table 4.2.5b. Interaction effect of NPK fertilizers and biofertilizers on  setting 

percentage, length, girth and ascorbic acid content of fruits 
Treatments 

NPK fertilizers 

F I 

percentage, length, girth and ascorbic acid content of fruits 

Setting 
percentage. 

per cent 

41.18 

I CD - 

Ascorbic ] 
i acid, mg I 

l o@- '  g 

101.09 1 

Length of 
fruit,  cm 

8.07 

Ascorbic acid, I 
mg 1 0 0 ~ '  g 

103.29 I 

103.28 
132.07 

65 .72  

112.67 

84.50 

1 12.68 

Girth of 
fruit, cm 

4.20 

Treatment 
combinations 

NS:  Not significarit **Significant at 1 per cen t  level *Significant at 5 per cent Ievul 
5.554 

Setting 
percentage, 

Length of 
fruit, cm 

8.1 1 

8.14 
8.57 

8.43 4.15 103.28 I I 

Girthof 
fruit,  crn 

4.13 

4.18 

5.02 

F ~ B J  

0.4 3 2 

F ~ B I  42.72 8.58 75.11 
i F ~ B ?  42.89 8 . 5  9 4.61 93.89 
I 

40.06 

: percent  

0.403 

FIBI 

F B1 
FlB3 

F I ~  
Fd31 
F2B2 

F z B ~  

7.47 

8.30 
8.47 

8.58  

43 -63 

41.97 

48.84 

30.28 
48.52 

i 47.09 
40.40 

3 -49 
4.40 

4.40 

4.81 



Interaction between inorganic nutrients and biofertilizer application 

signi ticant1 y influe~lced setting percentage of fruits. F3R4 recorded 

maximum fruit setting percentage (51.48) and was on par with F I B 3  

(48.84). F2R1 (48.52) and  F2B2 (47.09). 

4.2.2.5 Lertgtlt and Girtlr of Fruits ( Tables 4.2.5a and 4.2.5b) 

Data on mean length and girth of' fruits presented in Table 4.2.5 

rcveaIs that F3 recorded maximum length and girth of fruits (8.75 and 4.7 I 

crn respectively) and  was significantly higher than F? (8.45 and 4.44 cm 

respectively) and FI (8.07 and 4.20 cm respectively). 

With regard to length of fruits, there was no significant difference 

due to application of biofertilizers. However maximum length was 

recorded for B j  (8.58 cm). However,  biofertilizer application significantly 

influenced the girth of fruits and B 3  (4 .82 cm) was significantly superior 

to others. 

Interaction effect was significant with regard to length and girth of 

i iuits.  Maximum value for length (9.24 cm)  was observed for FjB4 and 

tvas significantly superior to others. Similarly F3B3 registered maximum 

fruit girth (5.1 1 cm), which was on par with FIB; (5.02 cm) and FIBi 

(4.81 cm). 

4.2.2.6 Hundred Fruit Weiglrf (Tables 4.2.6a and 4.2.6b) 

Neither the inorganic fertilizers nor the biofertilizers exerted an>- 

signif*i'icant effect on 100 fruit weight. On the other hand, interaction 

effect of  inorganics and bioferlilizers was significant on 100 fruit ~ve ight .  

F3B4 (604.39) topped the list of treatment combinations although it was on 

par i\-l;ith F I B 3  (600.73). Both these treatments were significant!? supur ios  

to otIlcr Lrcatment con1 binations. 

4.2.2.7 Ascorbic Acid Conlenf uJ Fruifs ('Tables 4.2.5a and 4.2.5 b) 

Application of  inorganic and biofertilizers failed to produce a n y  

significant influence on the ascorbic acid content of fruits. 



1 6.850 
I 

, C'D I 0 .574 I 
L -  .- .-J 

Table 4 .2 .6a.  Main  e f f t c t  of NPK fertilizers and biofertilizers on  100 f ru i l  

. \%eight and I fruit yield - 

'I'abIe 4.3.6b Interaction effect of N P K  fertilizcrs and biofe'ertilizers on 100 

Treatinznt 
co tnb lna t~ons  
I -- 

E g plant- t ha- 
I 

FlHj  5 19.09 I 147.94 7.63 

~ I - S ~ ~ I I J I ~ I I I S  1 100 fruit weight. 1 Fruit  yield. 

C ' I )  
L -  . - 

40.759 1 11.865 j 0.9 94 
N S :  Not  s i ~ n i f ' i c a n ~  * * S i g n i f ~ c a n ~  at I pkr  cent level  *Significant a t  5 per  cent levrl  

Pruit yield. 



4.2.2.8 Frlrit k'ielri per Plnnt (Tables 4.2.6a and 4.2.6b) 

Ilifferent levcls of N P K  fertilizers did not significantly influence thc 

rruit y ie ld  I:? (100 pur cent of recornrnendcd dose of N P K )  

rccclrdcti thr: h iy l l t s t  !.irld (137.24 g p lan t - ' )  

Alncliig t h t  bii)i'ertilizer t reatn~ents ,  B3 (Fluorcscen~ pst.udumonads + 

,7 i : i~sl>i t . , l i rc ,~l)  p l - o ~ l ~ i c c d  thc highest yield (150.1 8 g which was o 1 1  

par \ v i t I ~  U l  (,144.84 g and was significan~ly superior to o thc t  

t r ea tn~en t s  'I'he ~liijst ini'erior treatment was B4 ( 1 10.89 g 

Intcractiurl t-fkct u l  N P K  fertilizers and biofertilizers was 

significat~t.  Treatment co~nbinat ion FIB;  produced the highest yield 

( 16.3.7 I g plant .1)  which was on par with F I B I  ( 1  60.25 g plant.1) and was 

s ig~l i f ica~l t ly  superior to all o t l~cr  treatment combinations. F I  I34 recorded 

the lowest value (100.63 g plantL ' )  and was significantly inferior to other 

tsealment combinations.  

4.2.2.9 Fruit Yield per  Hrctlire (Tables 4.2.6a and  4.2.6b) 

I'llt data r c \ , t a l cd  that !,icld per Izectart: was not significantl! 

influctlccd b ~ ,  di fl'trent lu\,cls of' N P K  f e r t i l i ~ e r s ,  whereas bioSei-tilizcr 

I I IL)CL~I:I~IL~I~ I l i i i i  psol i )  i i11d ~ I I I - I L I C I I C ~  011 11115 ch;~s;~ctcr ,  

M.irh 1-cgar~l lo biul'erti l i z c ~  application, combined r~ppl ica~ion  ot' 

i luurcsccn~ pscudo~- i~onads  and ,-I:ospil-illum (B3)  recorded the h ighes~  

yield h a . '  (7 .76 1 h a ' ' )  which was on par with treatment B I  (Fluorescent 

pseudomonads) which produced yield of 7.56 t ha-'.  

Interaction effect of inorgailics and biofertilizer inoculation was 

significant with regard to yieid pcr hectare. F IB3  i . e . ,  75 per cent of the 

r e c o ~ ~ ~ m ~ n d e d  dose of NPK alotlg with combined inoculation of 

fluorescent pseudomonads and  Azospirillum registered the highest yield 

(8 .74 t h a - ' )  anif Mas u11 par with FIB\ i .e . .  NPK @$ 100 per cent of the 

recornmcnded dosc along with fluorescent pseudomonads (8.42 1 ha '])  



Table 4.2.7a. Main effect of  NPK fertilizers and biofertilizers on soil N P K  

Table 4.2.7b. Interaction effect of N P K  fertilizers and biofertilizers on 
soil N P K  status and organic carbon content of soil 

Organic 1 
carbon. , 

i 
per ccnt 

0.70 ' 
0.77 i 

0 .80 

24.67+* 

0.75 

K, kg ha- '  

94.30 

108.86 

118.95 

8 . 3 5 * *  

12.184 

106.32 

Treatments 

TU'PK fertilizers 

F' I 

F2 

F3 

F 
CD 

Biofertilizers 

B I 

Organic I 
carbon. ; 
per cent I 

Treatment 
combinations 

B2 

B; 
B4 

F 
CD 

I 

N, kg ha" 

N, kg ha-' 

254.28 

264.46 

267.55 

5.09** 

8.752 

266.57 
103.64 0.76 

104.24 115.29 i 0*029-1 0.81 1 

FIHI i 262.39 

P,  kg h i 1  

46.96 

55.45 

5 9.3 2 

5.23** 

7.866 

5 3 . 5 2  
I 

264.26 

264.60 

252.97 
3.01'" I .  1 gNS 

48.40 
40.82 
58.28 
40.32 
52.75 
56.83 

P. kg ha-' 

F I  Bz 
F 1 3 3  

 FIB^ 
F Z B I  
FIB1 

51.91 

60.88 

49.33 

2.4 l N S  

I 
0.71 1 

13.82* * 
0.033 

K, kg ha-' 

257.15 
247.74 
249.83 
267.60 
270.72 

F2 B 
F 2 f 3 4  

i F3B1 
F3B2 

F3 R3 

F3R.l 
F 

CD 

104.83 1 0.69 
I 

94.08 0.73 

266.56 63.33 
2 5 2.9 7 4 8.8  9 
269.70 59.42 
264.90 58.07 
279.50 61.02 
256.1 1 

108.43 
69.89 
104.83 
107.52 
115.58 0.81 1 

I 107.51 1 0.71 ' 

N S :  Not s ig~~if icar l r  **Significant at 1 per cent l eve l  

0.82 
0.57 
0.77 1 
0.77 1 

109.3 1 
109.3 1 
12 1.56 
135.30 
2 .6 ja  

24.368 

I 
0.75 1 
0.79 j 

0.80 
I 

0.84 i 
I 

9.19** 

0.058 , 
*Significant a t  5 per cent le\cl 



4.2.3 Soil Analysis 

4-2.3.1 Available Soil Nitrogen (Tables 4.2.7a and 4.2.7b) 

Data on available soil nitrogen status revealed that application u f  

inorganic fertilizers had significant influence on this attributc. Maximum 

available nitrogen in soil was noted for F3 (267.55 kg ha-') and i t  was on 

par with F1 (264.46 kg ha-') and both the treatments were significantly 

superior to F l  (254.28 kg ha-'). 

There was no significant influence of biofertilizer on available soil 

nitrogen status. Maximum soil nitrogen status was observed for 

fluorescent pseudomonads treatment (266.57 kg ha-') .  

Interaction effect of inorganic nutrient ai-ld biof rtilizers failed to 

produce any significant effect on available soil nitrogen status. 

4.2.3.2 Available Plrosphorus Status of Soil (Tables 4.2.7a and 4 .2 .7b)  

The results on available phosphorus status o f  soil reveals that 

fertilizer application significantly influenced available soil phosphorus 

status. Highest level of inorganic fertilizer (F3) was observed to have the 

highest available phosphorus in soil (59.32 kg ham1) which was on par with 

F: (55.45 kg ham').  

There was no significant effect on  available soil phosphorus status 

due to biofertilizer application. Maximum available soil phosphorus ~ ' 3 s  

norrd for B; (60.88 kg h i ' )  foliowed by Bl ( 5 3 . 5 2  kg ha- ' ) .  

interaction effect was not significant on soil phosphorus status.  

4.2.3.3 Avclilnble Potassium Stuius of Soil (Tables 4.2.7a and 4.2.7b) 

Application of NPK fertilizers had significant influence on availablz 

K status of soil. Fj  was the most superior treatment with respect to this 

character which recorded the highest value ( 1  18.95 kg ham1) and i t  was 

significantly higher than that registered with F2 (105.86 k g  ha- ')  and F 1  

(94.30 kg ham') .  



Applicat ion o f  biofertilizers had no significant irlfluence on 

i ~ i l a b i c  K status i l l '  sui l .  H: rccorc1c.d thc liighsst va lue  ( 1  15.29 kg ha. ' ) .  

Interactioll ct'i'ecr of' N P K  i'ertilizers and b i o f r t i l i ~ e r s  was also 

significant .  The mas imum available K status i n  soil (135.30 kg ha- ' )  u u s  

noted for F3U4  which was on par with F3B3 (121.86 kg ha") and F ~ B J  

( 1  15.58  k g  ha- ' )  and bas significantly higher than other treatment 

c o ~ ~ ~ b i n i i t l o n s  

4.2 .3 .4  Orgritric' C'rirbon Contctlt ( ' I  ables 4 .2 .73 and 4 . 2 . 7 b )  

t - Ippl icut lu~~ r j  t' K I '  f c r r ~  I i7ers and biofertilizers signil'icantl! 

inl'lutnccd organic carbon content  oi' soil. 'l'hcre was significant variation 

among (0 .SO %). I;? (0 .77 %) and F I  (0.70 %). F j  was the most superior 

tbr this character and F I .  the most inferior. 

%'it11 regard to application of biofertilizers, maximum organic carbon 

u o n t c n l  n 3 5  t l ~ t t ' d  fi)r H3 (0.81 %) which u1as significantlq. higher than H-  

(0 .76  Y h )  \%hit11 \\as on par w i t h  R I  (0.75 5'0). B4 (0.71 %) had the 

m l n i m u n ~  organic carbon content and was s~gnif icant ly  int'erior lo olhcr 

trratmcil ts  

lnter;lc.rio~~ effect  of NI'K f r t i l i ~ e r s  and biofertilizers was also 

s igni f icant .  F;BJ had t h y  highest organic carbon content (0.84 %) which 

was on par with F I B 3  (0.82 YO), F2A3 (0.81 %), F3B3 (0.80 %). F3B2 (0.79 Vi,) 

and F j U ,  ( 0 . 7 8  %).  F I B 4  recorded the lowest value (0.57 %). 

4.2 .4  P l a n t  Anal! sis 

4.2.4.1.1 Nitrogen Content o f  Plants ('fables 3.2.8a and 3.2.8b) 

[I critical anaI!,sis ot' thc data revealed that applicalion of Tiljti 

l21.tilizc.r~ i111c1 l i i 1 1  i n o c u l a ~ i o n  significantly influenced t h e  

nir1-ogc11 content 01' plants .  



Table 4.2.8a. Main el'fect of NPK fertilizers and biofertilizers on plant 
nutrier11 content, per cent 

Riofertilizers 

B I 

Bz 

K 

1.82 
2.02 

2.37 

Table 4.2.8b. Interaction effect of NPK fertilizers and biofertilizers on 

P 

0.29 

0.33 

0.36 

Treatments 
NPK fertilizers 

F I 

F 2  

F3 

2.02 
2.16 

N 

1.94 

2.0 5 

2.20 

I 

K I 

-- 

1.87 I 

1 .88 I , 

1.91 I 

1.61 

2.03 

2.05 1 
2.1 1 I 

I 

1.86 

2.2 5 

2.28 

2 .3  3 

3.63 * 
0.168 4 

c c n t  l eve l  

plant 
Treatment 

combinations 

F I B I  

F Bz 
I 
I F I B3 

i FIBJ ! 
I 
I F2B 1 

F2B2 

FIBj 

F 2 B 4  

F3B I 

F3Rz 

F3 R3 

F3B4 

0.3 5 

0.3 1 

2.0 5 

2.05 i 
I 

nutrient content. per 

N 

1.90 

2.20 

2.33 

1.31 

2.05 

2.18 

2.09 

1.87 

2.1 1 

2.09 

2.19 

p z  

cent 

P 

0.33 

0.26 

0.41 

0.15 

0.37 

0.36 

0.39 

0.19 

0.33 

0.3 1 

0.37 

I 

2.43 0.45 

37.56** 

0.140 
NS:  Not significant **Signif icant at 1 per cent level 

1 5 . 5 8 * *  

0.063 
*Signif icant at per 



Maximum t ~ i l r o g e n  content  (2 .20 %) was notcd for F3 ( N P K  @, 1125 

per cent of'thc r e c o n ~ ~ n e n d e d  dose) which was significantly higher than F1 

( 2 . 0 5  'YO) a n d  I:, (1.94 9.b). 

1 1 1  thC cast of' b i o f * t r t i l i ~ e r  inoculation. B j  recorded the rnaximui l~  

plant ni~l-ogc'ii c o n ~ ~ n t  (1.20 %) i i h i c h  \%as f'ound to be on par with H: 

( 2 ,  I0 O/o) .  

Nonc of the interactions had significant iniluence on this  character. 

F3B4 recorded the highest value (2.43 %) which was on par with FIB;  

(2.33 %) and was  significantly superior to other treatment combinat ions .  

4.2.4.1.2 L'hosphorus Content of Plants ('l'ables 4.2.8a and 3.2.8b)  

I t  \ \as obscr1,ed that both NI'K fertilizers and biofertilizel-s 

s i g n i f i c a ~ ~ r l > ,  ntl'ectcci pt~osphurus  content of plants .  

Signit'icunt dii'f'erenccs ue re  observed a ~ l ~ o n g  fertilizer levels and 1, : 

had significantly higher P content  (0.36 %) than others.  

Among biof'crtilize~* treated plants. B3 recorded the maximum valuc 

( O  39 ?/(I) and this dtffcted significantly with B I  (0.35 O h )  and Rz (0.3 1 % \ .  

134  ( 0 . 2 0  ''0) rccul-dcd tht. l o i ~ c s t  \ d u e  and was significantly inferior t o  

orhcrs. 

1'1-calrncln1 c r ~ i n I ~ i t ~ ; i ~ i o r ~ s  ~i lsu cxzrted significant influence o n  plant 

~)t~c>spI~oi-uh C C I ~ I I C I I I .  I: ;D4 secordcd the highcst plant I' content (0 .45  "11) 

ibhich was on par nith FIB1, (0 .41 O h )  and F 2 H 3  (0.39 O j o )  and WHS 

significantly superior to others.  

4.2.J.1.4 Potass ium Content of I'lants (Tables 4.2.8a and 4 .2 .8b)  

:lpplicntioli of N P K  fertilizers and biofertilizers influenced tilt. 

potassilin~ r o ~ ~ t c ~ ~ t  oi' plants signil'icantly. It has  found that there was  

sig11if'ic;111( \--ariatint? a n ~ o n g  t:: (3.37 %), Fz (2 .02 %) and F 1  (1 .82  Y O I .  

1.'; ii a s  I I I C  Inr)st ~ L ~ I J C I - I ~ ~ I -  I S C ; ~ ~ I I I C I I I  i v i  th regard to K content .  

With I .L'SPC'CI to biof'crtilizer inoculation, Bj  registered rnaximu~n 



K content in plants (2.10 %) and was on par with B l  (2.05 %) and Bz (2 .05 

%). However B4 recorded minimum K content (1.94 %) and was 

significantly inferior to others. 

Interaction effect on plant K content was significant with maximum 

value for F3B4 (2.33 %) and it  was on par with combinations F3B3 (2.28 %), 

P3B1 (2.25 %) and F3B2 (2.21 Yo). 

4.2.4.2 Uptake of Nitrogen, Ph osplz orus and Pofassiunt 

4.2.4.2.1 Uptake of Nitrogen (Tables 4.2.9a and 4.2.9b) 

I t  could be observed that NPK fertilizer application s igni f icant ly  

influenced nitrogen uptake by plants. Uptake of nitrogen increased 

significantly with successive increase in nutrient levels and maximum 

uptake was observed for F3 (55.30 kg ha-') and least by F I  (45.12 kg ham'). 

Among the biofertilizers, fluorescent pseudomonads + Azospirillum 

recorded significantly higher nitrogen uptake (56.63 kg ha-') compared to 

that of Azo.spirillum (51 -23  kg ha-'), fluorescent pseudomonads (48.05 k g  

ha- ' )  and plants which were not treated with biofertilizers (43.29 kg 11a-I). 

Interaction between inorganic nutrients and bioferti 1 izers tvas 

significant and the treatment combination F3B4 recordcd thc highest 

n i t rogen  uptake  (68.21 kg h a - ' )  nh i ch  \\-as signif icant ly h ighe r  than c > t h c ~ - b .  

4.2.4.2.2 Uptake of Phosphorus (Tables 4.2.9a and 4.2.9b) 

There was progressive increase in the uptake o f  phosphorus due to 

different inorganic nutrient levels and the difference was signi Kicant . 

F3 recorded maximum phosphorus uptake of 9.18 kg ha-' and i t  was 

signii\cnntly superior to lower doses of NPK. Fi  recorded the minimum uptakc 

of 6.83 kg ha-'. 

FIuorescent pseudomonads + Azospirilllim inoculation recordcd 

significantly highcr phosphorus uptake (9.97 kg ha- ' )  than t luoicsceni  

psrudomnnads applied plants (8.28 kg ha") which was on par wi th  Ihar o l  



Biofertilizers 

B 1 

B? 

B3 

Table 4.2.9a. Main effcct of NPK fertilizers and biofertilizers on plant  
nutrient uptake, kg ha-' 

K 

4 1.59 

48.26 

56.83 [ 

Treatments 
NPK fertilizers 

F I 
F 2  

F3 

Table 4.2 .9b .  Interaction effect of NPK fertilizers and biofertilizers on 
plant nutrient uptake, kg ha-' 

N 

45.12 

48.98 

55.30  

1 
4 j . 7 9  

42.90 

50.5 1 

29.14 ' 
5 3 . 3 7  

Treatment 
combinations 

I 
I B I 

I 
I F 1 B2 

FlB3 

F I I34 

FIB 

P 

6.83 

8.02 

9.18 

F2H2 

FIB; 

F?BJ 

F3B I 

FIBI 

F3B; 

F3 BJ - 
I; 

CD 
NS: Not signi t l c a n ~  **Significant 

N 

i 44.65 

50.35 

61.85 

2 3 . 6 2  
53.61 

P 

7.83 

5.96 

10.76 

2.76 

9.76 

51.64 

52.63 

38.05 

45.90 

51.70 

55.41 

68.21 

6 1.36* * 
4.487 

at 1 per  cent l t v e l  

8.50 1 48-54 j 
I 

9.83 ! 53 .13  1 
3.97 1 38.01 ! 

7.26 

7.62 

9.32 

12.53 

37.87* * 
1.607 

! 
49.15 ! 

54.76 i 
I 

57.8 7 

6 5 . 5 2  i 
- - 

21.78** , 

4.956 1 
*Significant at 5 per  cent I c v c l  



A ~ u v p i r i i i ~ i m  inoculated plants (7.36 kg ham'). 04 registered minimum 

value and was significantly lower than other treatments. 

The interaction between inorganic and biofertilizcrs was signiricant 

and FIBI recorded the maximum uptake (12.53 kg ha- ' )  and was 

significantly higher than other treatment combinations. 

4.2.4.2.3 Uptake of Potassium (Tables 4.2.9a and 4.2.9b) 

Application of NPK fertilizers and biofertilizers significantly 

influenced K uptake by plants. 

I:; recorded maximum potassium uptake by plants (56.83 kg ha") 

and was significantly higher than F l  and Fz. 

With respect to application of biofertilizers, B3 had maximum 

K uplahe (53.83 kg h i ' )  and it significantly varied with B I  (48.77 kg h a - ' )  

which was on par with B2 (48.74 kg ham1). B4 was significantly inferior to 

others and recorded the lowest value (44.23 kg ham1). 

Among the various treatment combinations F3B4 recorded the highest 

value (65.52 kg ha") and was significantly superior to other treatment 

combinations. Minimum K uptake was observed for F ~ B J  (29.14 kg ha- ') .  

4.2.5 Bacterial Count in the Rhizosphere (Tables 4.2.10a and 4.2. l o b )  

NPK fertilizer application exerted significant influence on the count 

of tluorescent pseudomonads and Azospirillurn in the rhizosphere of- 

plants. F I  (75 per cent of the recommended dose of NPK) registered the 

highest count  of fluorescent pseudomonads (36.50 x 10' ci'u g '  sui l j  

which was on par with FI (36.17 x 10' cfu soil). With regard to 

r2zospirilllrrn count, 100 per cent of the recommended dose of  NPK (F?) 

recorded maximum value (7.17 x 10' cfu g-' soil) and was on par wirh 

75 per cent of the recammendcd dose of NPK (6.42 x 10' cfu .g-' soil) .  

Plants treated tvith highest dose of fertilizer (F3) gave the minimum count  

for both fluorescent pseudon~onads and Azopiriiiiim (30.75 x 10' clli 5' 
soil and 5.08 x 1 o5 cfu  g-l soil respectively). 



Table 4.2.10b. Interaction effect of N P K  fertilizers and biofertilizers on  

Table 4.2.10a. Main effect of NPK fertilizers and biofertilizers on  
bacteria1 count i n  the rhizosphere and fruit rot incidence 

bacterial count in the rh izos~here  and fruit rot incidence 

Fruit rot 
incidence. 
per cent 

14.27 

16.44 

20.07 

21.79** 

1.783 

16.91 

15.59 

22.10 

Treatments 

NPK fertilizers 

F I 

F2 

F3 

F 

CD 

Biofertilizers 

B 1 

Bz 

B3 

R.4 

Treatment 
combinations 

FIBI 
F I B2 
F 1 B3 
F I B J  
F2B I 

F 

CD 

Bacterial count, cfu g-' x 10' 

F3B1 
F3B2 
F3B3 
F3B4 

F 
c13 

I'srudomoncrs 

36.50 
36.17 

30.75 

3.60* 

4.839 

40.00 

29.1 1 

39.89 

2 8 . 8 9  

Azo.spiriii~im 

6.42 

7.17 

5.0 8 

7.89* * 
1.068 

3.00 

1 1.44 

7.22 

3 I .'L 77 ! 

10.34" * 

Fruit rot 
incidence. 

per cent 
10.34 ! 15.94 , 

12.16 
18.65 
11.96 , 

Bacterial count, cfu  g-l x 10 '  

NS:  N o t  s i g n i f i c a n t  **S ign i f i can t  a t  I pe r  cent  level  *Significant at 5 per  cent l e v c l  

30.33 
29.00 
35.67 
28.00 
1. 59N" 

84.37'' j 27.37" 

14.77 , 

15.74 
23.3c1 

Pse udomoncrs 

47.67 
3 7.3 3 
42.67 
28.33 
42.00 

F2B2 I 31.00 
F2B3 I 41.33 
F2Bq 1 30.33 

5 . 5 8 7  1 1.233 1 2.061 1 

Azospirillum 

3.00 
! 12.00 

7.00 
3.67 
4.00 
13.67 
7.6 7 
3.33 
3.00 
8.6  7 
7.00 
2.67 

2 . 0 3 ~ "  

17.03 ; 

20.02 
18.86 : 

24.37 
1 . 2 6 ~ '  

i 



With respect to biofertilizer inoculation therc was significant 

variation for bacterial count in the rhizosphere. B I  recorded maximum 

count for fluorescent pseudomonads (40.00 x 10' cfu g-' soil) closely 

followed by B3 (39.89 x lo5 cfu g+l soil) and both these treatments were 

on par. Lowest value was noted for B4 (28.89 x 10' cfu g'l soil), which 

was o n  par with B2 (19.1 1 .u l u 5  cfU g-l soil). 

Azospirillurn inoculation I 3  registered maximum count of 

Azospirillum ( 1  1.44 x 10' cfu g-' soil) which differed significantly from 

combined inoculation of fluorescent pseudomonads and Azo.spirill~im (7.23 

x 10' cfu g-' soil). 

Interaction effect of NPK fertilizers and biofertilizer was not significant 

on the count of both fluorescent pseudomonads and Azospirillum. 

4.2.6 Scoring for Disease Incidence (Tables 4.2.10a and 4.2. lob)  

NPK fertilizer application signi ijcantiy influenced incidence of fruit 

rot and  135 per cent of the recornrnended dose of NPK (F;) registered thc 

highest value (20.07 %) compared to F2 ( 1  6.44 %) and F I  (14.27 %). 

With respect to bioikrtilizer application, lowest disease incidence 

was noted for fluorescent pseudomonads (13.11 %) which was 

significantly lower than others. B4 (no biofertilizer) recorded maximum 

fruit rot incidence (22.10 %) and was significantly inferior to Azospirill~im 

( 1 6.9 1 ?&) and fluorescent pseudomonads + A,-uspirillurn treatments (1  5.59 %). 

Interaction effect was not signiilcant on this character. 

1.2.7 Economics of Cultivation 

4.2.7.1 Net Returns (Tables 4 .2 .11a and 4.2.11b) 

Dntn presented in Table 4.2.12 revealed that application of  NPK 

fertilizers did not significantly influence net returns. Howcccr 

biofcrtil izers had significant influence on this. 



Table 4.2.1 l a .  Main effect of NPK fertilizers and biofertilizers on net 
returns and benefit-cost ratio 

I Treatments 1 Net returns, Rs ha-' 

N P K  fertilizers 

1 

F? 

F3 

Biofertilizers 

3 I 

B2 

I33 

Benefit-Cost 
ratio 

Table 4.2.11b. Interaction effect of NPK fertilizers and biofertilizers on 
net returns 

Treatment combinations 

F 1 B 1 

F 1 Bl 

F 1 I 3 3  

F I &  

FzB I 

F2B2 

F2B3 

F2R-t 

F3B 1 

F3 B 

F3 B.3 

F3B4 

I: 

C D  
NS: Not significa~lt  **Significant at 1 per cent level *Significant at per cent l cvc l  

and benefit-cost ratio 

Net returns, Rs ham1 

42648.52 

33198.15 

59328.02 

-1 67 19.26 

52825.19 

32873.08 

39710.12 

13196.17 

24078.27 

28769.38 
29465.3 1 

2 1902.46 

6.57** 

5669.2 I0  

Benefit-Cost ratio , 

1.60 I 

1.46 

1.82 

0.77 

1.72 1 
1.44 I 
1.54 

i 
I 

1.18 i 
1.32 

1.38 

1.39 

1.29 

4.73"" I I 

0.0!13 



B3 recorded the highest net returns (Rs. 42834.48 ha- ' )  which was on 

par with B ,  (Rs. 39850.66 ham1). B4 was the significantly infcrior 

treatment, which recorded the lowest value (Rs. 6126.46 ha' ') .  

Interaction cffcct on net returns was significant. F IB3  (75 per cent  

o f  the recommended dose of NPK + FIuorescex~t pseudomonads + 

~ z u s ~ i r i i i u m )  recorded maximum net returns (Rs. 59328.02 ha- ' )  and was 

significantly superior to other treatment combinations. 

4.2.7.2 Benrfit-Cost Ratio (Table 4.2.1 1) 

Application of NPK fertilizers failed to show significant influence 

on benefit-cost ratio whereas biofertilizers had profound influence on this. 

With regard to biofertilizer application, B3 registered highest 

benefit-cost ratio (1.59) and was noted to be o n  par with B I  (1.55). Lowest 

value was noted for B4 (1.08) which was significantly inferior to other 

treatments. 

Among the different treatment combinations, F 1 B3 recorded 

maximum benefit-cost ratio (1.82) and was significantly higher than other 

treatment combinations. Lowest value was noted for FlB4 (0.77 ). 



DISCUSSION 



In the present investigation entitled 'Response of chilli 

(C'up.si~.um nnnuum I,.) to plant growth promoting rhizobacteria fluoresceilt 

pseudomunads'. besides evaluating the different isolates of fluorescent 

pseudomunads. an arternpt has been made to ascertain the possibility of' 

partially substituting illorganic fertilizers with biofertilizsrs with a view to 

maintain soil health and to illcrease the net returns. 

The results of the investigation are briefly discussed below taking 

into consideration the previous information available in this subject and 

the data generated from the study. A critical analysis has been done lo 

elicit possible trends and to draw definite conclusions. 

5.1.1 Effect of Fluorescent Pseudomonads Isolates on Growth 

Characters 

The pot culture s tudy consisted of  testing five different isolates of  

iluoscscent pseudornonads v i z . .  1'1. f'?, P 1 ~ ,  Pz2 and KK16.  

The sc .su l~s  ot' the exper-imetlt showed that various growth charactcis 

of' ch i l l i  were signlficantl j  influenced by different treatments. Fluurescenr 

pseudomonads art. k n o u n  to produce several plant growth promoting 

substanct.~ such as vitamins and growth hormones v i z . ,  auxins. 

gibberrelins. cytokinins etc.  (Susluw. 1982 and Schippers e! d l . .  1987) .  

These growth hormones can influence the physiological process in plants 

and can lead to certain morphological changes like increased root growth. 

leaf expansion, shoot growth etc. With regard to growth characters. 

treatment T4 (Fluorescent pseudomonads isolate P22) was significantly 

superior to o l l l t r b  ; - l i d  recorded the  highest values for mean plant height ar 



30 a n d  60 DA?' (28.98 cm and 37.25 crn respectively) and number of 

branches at 30, 60 and 90 DAT (8.25, 13.25 and 18.5 crn respectivelq). 

Maximum canopy spread (38.40 cm) and shoot root ratio (4.22) werc also 

recorded by isolate Pzz which was significantly superior to others. 

Isolates producing higher amount of growth hormones l ike Indole-acetic 

acid (IAA) that  directly affkct root growth were found to increase plant 

vigour and plant growth in chilli (Ramamoorthy and Sarniyappan, 2001). 

Similar results were obtained by Heera (2002) in rice. Isolate P:? might 

have produced higher amount of growth hormones, which might bc a 

factor for increased plant growth in the present study. The increased root 

growth would have helped the plant to explore more nutrients from the 

surrounding soiI voIume thus making more nutrients avaifable to the plant. 

The increased nutrient content might have increased cell division and cell 

elongation in plants which might have lead to increased pIant height and 

nurnber of branches. The increased plant height and number of branches 

have Ied to a larger canopy spread which enables the plant to tap more 

solar energy for photosynthesis. In addition to the influence of nutrients. 

the presence of growth hormones like cytokinins, gibberrelins etc. will be 

increasing shoot growth. The increased shoot growth might have 

overtaken corresponding root growth u f  plants which cou ld  be the reason 

for a higher shoot root ratio. Increased shoot growth with respecr to root 

growth by the application of fluorescent pseudomonads were reported bq 

Savi thry and Gnanan~anickam ( 1987) i n  peanuts. 

14aximurn drymatter production was noted for treatment TJ (56.25 g 

plant-1) which was significantly superior to others except Tz (Isolate Plr,). 

?'he better vegetative growth helps the plant in capturing more solar 

radiation and in the synthesis of photosynthates. But the partitioning and 

translocation of photosynthetic assimilates to the sink by isolate P?? might 

not have cxcelled that of isolate P I 4  which could be the reason [or such 

performances. 



I NO. of fruits plant 



5.1.2 Effect of Fluorescent Pseudomonads Isolates on Yield Attributes and 

Yield 

With  regard lo 1,ield attributing characters, isolate Y z z  recordcd 

maximum length (8.77 cm) and girth (4.46 cm) of f r i~ i l s  and Mas 

significantly higher than all other isolates except P 1 4 .  IsoIate was 

significantly superior to others with regard to 100 fruit weight (589.90 g ) .  

Also this isolate recorded the maximum number of flowers plant-1 

( 108.00). f ru i t  setting percentage (53.39 %) and ascorbic acid content of '  

fruits (14 1.02 mg 1 0 0 ' ' ~ )  though the effects were not significant. Days LO 

first flowering lvas also not significantly influenced by the dif't'erent 

isolates of fluurescent pseudomonads.  With regard to number 01' 

rnarkt tablz  fruits plant" and  f'ruir yieid p lanr ' l ,  isolate P I  (52.75 an3 

201.47 g plant- '  respectively) and isolate Pzz (50.25 and 200. 71 g plant- '  

respectively) were on par. Incidence of fruii rot in isolate P I  was 

practically n i l  which could be the probable reason for higher yields 

registered for this  isoIate. Significantly higher disease incidence in isolate 

PI, might  havc reduced the yield though th is  was on par with PI2 for yield 

at t r iburing chari~crcrs.  Early. plant growth promotion may not bc 

accompanied b:' signif icantly higher j ields. Early plant vigour may not  

result in higher plant  yields because of problems that occur late in season 

like pest and disease incidence. These factors may have a le\lelling effect 

on the treatments (Schroth and Becker, 19901. 

5.1.3 Effect of  Fluorescent Pseudomonads Isolates on Plant Nutrient 

Content, Nutrient Uptake and Available Nutrient Status of Soil 

Plant nutrient content and uptake were significantly influenced by thc 

different treatments. Isolate P22 had significantly higher N (1.88 %), P (0.4 

%) and K contcnrs (2.20 %) of plants than other treatments, Similal-I> 

highest N uptake (52.09 kg ha-') ,  P uptake (10.98 kg ha- ' )  and K uptake 

(61.05 kg ha.') was noted for isolate P22,  Increased root develop men^. 

nitrogen fixation and phosphate solubilisation might have contributed to 



the increased nut r ien t  content and uptake in plants. Similar results of 

increased NPK content and uptake by fluorescent pseudornonads wesc 

reported by Shabayev and Smolin (2000) in wheat. 

Nutrient availability was also significantly influenced by different 

treatments. Treatment TS recorded the highest available nitrogen (324.58 

kg ha") and phospliorus (52.60 kg ha-'). With regard to available K status 

of soil, treatment Tz had the highest value ( I  3 1.04 kg ha-') which was on 

par with that of '1';. The Lowest value was recorded for treatment ' 1 4  

(isolate PZ2).  The plant treated with isolate PZZ was able to absorb more 

nutrients from the surrounding soil which contributed to increased growth. 

and this might have lead to lower nutrient status of soiI whereas Tz and Ti  

which registered the lowest values for growth characters might have  

absorbed less nutrients from soil and hence could have Jetid to increased 

nutrient starus in soil after the experiment. 

5.1.4 Effect of  Fluorescent Pseudomonads Isolates on Disease Incidcncc. 

and Bacterial Count in the Khizosphere 

Treatment T i  (isolate P I )  registered significantly lower incidence of' 

fruit rat (0.35 %) compared to other treatments, whereas treatment T; 

(isolate P14) was found to register significantly higher disease incidence 

( 1  1.45 $4). Fluorescent pseudornonads suppress pathogens by various 

modes of action I-ir, competition for nutrienti and space with pathogens. 

a~itibiasis b? proiiuct~on of antibiotics, siderophores and phenolic 

compounds.  Alsu i t  activates induced systenlic resistancl: against fungal 

pathogens. ,/\Iterations in  the level of toxic phenolic compounds might be 

the reason for difference in disease incidence when illoculated with 

different isolates of fluorescent pseudomonads (Mondal rf ul., 2000: 

Ranlamoorthy and Sarnjyappan, 200 1). 

?'here was no significant difference in the count of fluorescen~ 

pseudomonads i n  the rhizosphere due to different treatments. Fluorescent 

pseudomonads art: efftcient colonizers of roots and most of these strains 
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are able to utilize organic substrates from root and seed exudates. ?'he 

different isolates tested might be equally efficient on colonizing roots. 

5.1.5 Effect of Fluorescent Pseudomonads Isolates on Economics of  

Cultivation 

With respect to net returns, T I  (isolate P I )  and Tj (isolate Pzl) xvcre 

on par (Rs 1.53 and Rs 1.52 plant-' respectively). A similar trend h a s  

observed for benefit-cost ratio (2.03 and 2.02 respectively for isolates P 1  

and P??). The higher net returns of treatments T I  and TJ are due to thcir 

higher yield and low rates of incidence of fruit rot. 

The pot experiment revealed that isolate Pzz was the best one with 

regard to growth characters and was significantly superior to other 

isolates. Though isolate P12 was 011 par with P 1 4  with regard to some yield 

attributing characters, maximum disease incidence was noted for isolate 

P14 finally resulting in its reduced yield and hence this was not promoted 

for field trial. Isolate PI  was superior with regard to disease resistance, as 

it recorded the lowest fruit rot incidence. As far as yieid plant", nut 

returns and benefit-cost ratios were concerned, isolates Pzl and P I  were on  

par. Hence isolates P2: and PI  were adjudged as the two best isolates for 

growth promotion, yield and disease control in chilli var.  Jwalasakhi. 

Since P2? and P i  isolates were compatible, dual cultures of these two werc 

used for further field study. 

5.2 EXPERIMENT I I  

5.2.1 Effect of NPK Fertilizers and Biofertilizers on Growth Characters 

The field experiment was conducted to have an idea about the effect 

of different levels of NPK fertilizers, biofertilizers and their interaction. 

Three different levels of NPK fertilizers were tested viz., 75 per cent (56.;:  

30: 18.8 kg ha.'). 100 per cent (75: 40: 25 kg ha-') and 125 per cent (93.8:  

SO: 23.5 kg ha") of the recommended dose of NPK. 
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Nitrogen. phosphorus and potassium are the macronutrients which are 

highly essential for plant growth. Nitrogen is essential for the synthesis of' 

proteins ~ \ h i c h  plrl!s at1 l~rlportant role in plant metabolism. An adeqilrtrr 

s u p p l l  ui' nitrogen I S  associated w i t h  better begetalive g r o n ~ h  Phosphoru:. 

prorllotes bzttcr roo1 growth. which in turn enhances the uptake of 

nutrients resulriilg in rapid growth (Tisdale e t  ul . ,  2002). Potassium is 

importanl in the translocation of photosynthates leading to greater CO: 

assimilation and growth (Kussel, 1973). 

The results of the study showed that NPK fertilizers had significan~ly 

influenced plant height at all growth stages and number of branches at 30 

and 60 DAT. Highest dose of NPK fertilizers (125 per cent of the 

recommended dose of N P K )  had registered maximum plant height (26.3 1 

cml 36.30 cnl and 43.27 cm respectively) and number of branches (8.50. 

12.87 and 22.22 respectively) at 30, 60 and 90 DAT. Increased levels of' 

nutrients increased photosynthetic surface area, resulting in more 

production, translocation and assimilation of photosynthates, which in 

turn increased crop growth. Similar results of increase in plant height and 

branching at higher levels of nutrients have been reported by Joseph 

( 1  982). Zaycd rr (11. ( I  9 8 5 )  and John (1989) in chilli.  Maximum canopy 

spread (39.68 c m  ). shoot root ratio (4.55) and dry matter p r o d u c t i o ~ ~  

(50.60 g plant- ' )  were recorded by the highest level of nu t r i en~s  i . e . ,  125  

per cent compared to 100 and 75 per cent of the recommended dose. 

The increase in plant height and branching might have resulted in a 

better canopy spread. Increase in nutrient supply might have eilhanced 

cell division and elongation in chilli resulting in inore canopy spread as  

reporred by Ahrneci and l 'anki (1991). The better canopy spread has 

helped the plant in tapping Inore solar radiation to form morc 

photosynthates thus leading to increased shoot root ratio and dry matter 

production. Similar results have been reported by Lakatos (1982) and 

Belichki ( 1988) in chi l l i .  



With regard to biofertilizer application, fluorescent pseudomonads 

(B ,), Aaospirillum (Bz), combination of fluorescent pseudomonads and 

.;lzo.spi7il.i/lum (B,) werc compared with no biofertilizer application (B.,). 

?'he results revealed that biofertilizer application significantly influenced 

plant height at all growth stages and the number of branches at 30 and 60 

DAT. Both Azospirillum and fluorescent pseudomonads are known to 

influence plant growth by various mechanisms. Production of plant 

growth promoting substances, suppression of diseases, nitrogen fixation 

and phosphate solubilization were attributed for plant growth promotion 

by fluorescent pseudomonads (Pal et al . ,  1999). Apart from being a 

nitrogen fixer, Azospirillum is also capable of producing plant growth 

promoting hormones (Okon, 1985). These growth hormones will increase 

cell division and elongation w,hich may lead to increased growth of plants. 

The increased root growth helps in enhanced assimiliation of nutrients 

thus promoting more vegetativc growth. Increased plant height by 

fluorescent pseudomonads were reported earlier by Dileepkumar and Dube 

(1992). Anitha (1997) pointed out that Azospirillum inoculation 

significantly increased plant height and branching in chiili. 

Combined application of fluorescent pseudomonads and Azospirillltn~ 

(B3)  registered maximum plant height at all growth stages (25 .73  cm, 

36.23 c m  and 43.00 cm respectively) and number of branches (8.48, 13.22 

and 21.60 respectively) at 30, 60 and 90 DAT. Maximum canopy spread 

(39.22 c m )  was also recorded for combined inoculation (B3) which was on 

par with single inoculation of fluorescent pseudomonads i. e . ,  B I ( 3  8.15 

cm)  and A:ospirii/um i.e., Bz (38.08 cm). Similarly increased dry matter 

production was noted for combined inoculation and single inoculation 

when compared to plants which received no biofertilizers (BJ). Maximum 

DMP (52.03 g plant-i) was recorded by combined inoculatio~l u f  

fluorescent pseudomonads and Arospirillum when compared to o the r  

biofertil izer treatments. The increased vegetative growth helps the plant 

to lap inore solar energy for photosynthesis leading to increased d r y  



matter production. Results of enhanced DMP by Aruspirillum inoculation 

was reported by Anitha (1997), Synergistic influence of the bacteria might 

have led to increased dry matter production by the combined inoculation. 

Interaction between NPK fertilizers and biofertilizcrs was significant 

on growth characters. F3B4 (125 per cent of the recommended dose of 

WPK along with no biofertilizers) and F I B 3  (75 per cent of  the 

recommended dose along with combined inoculation of fluorescent 

pseudomonads and A:ospiri(lum) were on par as far as plant height at 60 

DA'T and number of branches at 30 DAT are concerned. This favourable 

effect of combined inoculation might be due to the nitrogen f i xa t~on  and 

g r o ~ t h  hormones produced by bacteria. Therefore at 75 per cent level of 

the recommended dose of NPK fertilizers itself, the plants would have got 

the amount of nutrients required for their growth due to supplementation 

of biofertiiizer. Also fertilizers at a limited quantity would have increasod 

the availability of root exudates. which might have accelerated the activity 

of inoculated bacteria resulting in higher nitrogen fixation and secretion of 

growth promoting substances. A similar trend was noticed for canopy 

spread. Dry matter production also exhibited a similar trend with F3H4 

(125 per cent o f  recommended dose of NPK + no biofertilizers) registering 

a dry matter production of 56.87 g and F IB3  (75 per cent of the 

recommended dose of NPK + Fluorescent pseudomonads + A~o.~pir i l lunr)  

with 53.73 g plant-' and these two combinations were on par. The amount 

of dry matter produced by a crop plant depends upon its photosynthetic 

efficiency {Arnon, 1975). The increase in dry matter production in these 

treatment combinations is the out come of higher rate of growth and better 

accumulation of photosynthates owing to enhanced nutrient uptake. 

5.2.2 Effect of NPK Fertilizers and Biofertilizers on Yield Attributes 

and Yield 

The difl'erent levels o f  NPK fertilizers had profound influence on the 

yield and yield attributing characters. The highest level of nutrients i . u . .  



125 per cent of the recommended dose of nutrients (93.8 : 50: 23.5 kg ha - ' )  

took significantly longer time to flower. Increased Ievel of nutrients 

especially nitrogen might have prolonged the vegetative growth and 

delayed maturity. Similar increase in the time of 50 per cent flowering 

with increase in nutrients was noted in chilli by John (1989). Maximum 

number of flowers plant-1 ( 1  08.23) was also produced by this treatment. 

Increase in nutrients would have increased photosynthetic surfacc area 

leading to more production, translocation and assimilation of 

photosynthates to flower primordial points. This is in conformity with the 

findings observed by Dolkova et al. (1984) in chilli. This treatment also 

recorded maximum setting percentage (45.1 1 )  and lvas on par with 100 per 

cent of thc  recommended dose of NPK (75: 40:25 kg ha") which 

registered a setting percentage of 44.02. Similarly the highest level of' 

nutrients recorded the maximum length and girth of fruits (8.75 and 4.7 1 

cm respectively) and was significantly higher than l o n e r  doses. 

Translocation of a larger quantity of photosynthates to the fruits might 

have resulted in the higher mean girth and length of fruits due to highcr 

levels of applied NPK fertilizers. However, 100 fruit weight and ascorbic 

acid content of fruits were not significantly influenced by NPK fertilizer 

levcls. Similarly the number of marketable fruits plant-1 and h i t  yield 

were not significantly influenced by different levels of NPK fertilizers. 

Though yield attributing characters like number of flolvers, mean Iength 

and girth of fruits were significantly higher at higher doses of NPK 

fertilizcrs. the substantially higher percentage disease incidence of f r u i ~  

rot disease has lowered the number of marketable fruits and fruit yield 

resultirlg in the non significant performance of different fertilizer levels. 

Biofertilizer inoculation significantly influenced most of ~ h c  yield 

attributing characters and yield. Combined inoculation of f-luorescon t 

pseudomonads Azospirillum was significantly superior to other 

treatments for  the number of flowers ( 1  10.20). Compared lo 

control (no biofertilizers), combined inoculation produced 12.5 5 per ccnr 





more number of flowers plant'1. The increased vegetative growth might 

have led to more production and translocation of photosynthetic 

assimilates to the growing points ,resulting in the production of more 

number o f  flowers plant-1. B3 (combined inoculation of fluorescent 

pseudomonads and Azospirillum) took maximum days to flower (36.67 

days) though the effects were not significant. Effects on length of fruits 

and I00 fruit weight were also not significant, though combined inoculation 

recorded maximum values (8.58 cm and 557.07 g respectively). Combined 

inoculation produced significantly higher fruit girth (4.82 cm). The better 

partitioning of assimilates to fruit might have contributed to this effect. 

With regard to number of marketabre fruits plant-', fruit yield plant'1 and 

yield h i 1 ,  combined inoculation (41.53,150.18 g plant'1 and 7.76 t ha- '  

respectively) was on par with fluorescent pseudomonads inoculation 

(39.47.144.84 g and 7.56 t ha-' respectively). The better 

performance of fluorescent pseudomonads isolates with regard to diseasu 

control and growth promotion might have resulted in this treatment being 

on par with combined inoculation with respect to marketable frui t  number 

and fruit yield. Similar results on increased yield by fluorcscent 

pseudomonads inoculation was reported by Karpagavalli el  ul. (200 1 ) i n  

rice and Rarnamoorthy and Samiyappan (2001) in chilli. The results show 

that there was 33.58 per cent increase in fruit number and 46.69 per cent 

increase in yield ham' by the combined inoculation of fluorescent 

pse~~dornonads  and ,4zospiri/lum when compared to control. The 

synergistic effect exerted by Azospzrillum and fluorescent pseudon~unads 

could be the possible reason for the better performance of combined 

inoculation of fluorescent pseudomonads and Azospirillum with regard tu 

fruit number and fruit yield. 

Interaction effcct of NPK fertilizers and biofertilizers on number ot' 

flowers plant-' were found to be significant. The treatment combination 

F ~ B J  (125 per cent of recommended dose of NPK I- no biofertilizers) and 

F1B3 (75 per cent of recolnmended dose of NPK + Fluorescent 





pseudomonads -t Azuspirillum) were found to be on par (1  17.33 and 

114.73 respectively). At the lower dose of NPK fertilizers itself, 

biofertilizers might have made the nutrients available to plant resulting in 

better production and translocation of photosynthetic assimilates to 

growing points like flower primordia. Similar effect was also observed 

for hundred fruit weight. With respect to fruit set, F3B4 i . e .  135 per cent 

recommended dose o f  NPK + no biofertilizers (51.48 %)?  FIB^ viz. ,  7 5  per 

cent recommended dose of NPK + Fluorescent pseudomonads + 

A:ospirillum (48.48 %j, FIBI viz. ,  100 per cent of the recommended dose 

of NPK +Fluorescent pseudomonads (48.52 %) and F2Bz 100 per cent of 

the recommended dose of NPK + AzospiriIIum were on par. As far as frui t  

girth is concerned, F3Bd was found to be on par with F1B3 and FzB3 again 

projecting the significant intluence of lower doses of NPK fertilizers (75 

per cent) and combined inoculation of fluorescent pseudomonads and 

Azospirillum. However with respect to number of marketable fruits plant-1 

F IBJ  (49.00) was significantly superior. 

Regarding fruit yield and ha-',  maximum values were recorded 

for FIB, (163.71 g plant-' and 8.74 t ha-l respectively) and i t  was found to be 

on par with FzBl (160.25 g plant-', and 8.42 t ha" respectively). The resuIts 

indicated that at lower doses of NPK fertilizers (56.3 : 3 0: 1 8.8 kg ham' )  itsolf 

the plant was able to realize its potential yield when biofertilizers viz. ,  

fluorescent pseudomonads and AzospiriIlr4m were applied conjointly. Similar 

favourable influence of conjoint application of biofertilizers and lower dose 

of NPK fertilizers on crop yield were reported earIier by severaI workers 

(Tharnhuraj. 1 99 1 ; Singh and Sharma, 1993; Subbiah, 1994; Anitha. 1997: 

Raj, 1999; Shabayev and Smolin, 2002). 

5.2.3 Effect of NPK Fertilizers and Biofcrtilizers on Plant Nutrient 

C o n t e n t ,  Uptake and Nutrient Status of Soil 

Significantly higher nitrogen (2.20 %), phosphorus (0.36 '%j and 

potassiiln~ (2.27 O h )  content of plants were noted for 125 per cent 



recommended dose of NPK ha". A similar trend was also observed for 

nutrient uptake. The increased NPK content and uptake might be due to 

the better absorption of pIant nutrients from the rhizosphere soil. 

Increased pllosphorus application might have induced better root grou- th  

facilitating more absorption of nutrients from soil. Similar rcsults of 

higher nutrient content and uptake at higher levels of applied fertilizers 

were reported by Dolkova et al. (1986) and John (1989). With regard to 

post harvest soil nutrient status, available K in soil increased significantly 

at higher levels of appIied NPK fertilizers. Significant difference in N and 

P status of soil after harvest is noticed only upto medium level of N P K  

fertilizers tried i . e . ,  Fz. . Similar results were obtained by John (1989) 

Enhanced available N status of soil at higher levels of applied KPK 

fertilizers might be due to its residual effect over a uniform dose of FYM 

of 25 t ha-'. There was significant increase in  organic carbon content at 

successive higher levels of NPK fertilizers and maximum value was noted 

at F3 viz., 125 per cent of the recommended dose of NPK (0.80 Yo). 

Inorganic compounds serve as source of nitrogen for microorganism and 

hence application of inorganic compounds increases the population of 

microorganisms. These microorganisms assimilate C02 from the 

atmosphere for their energy rkquirement (Alexander, 1 977). This might 

be the reason for the increased organic carbon content of soil. 

I n  the case of biofertilizer inoculation, maximum plant ni t roge~l  

content (2.20 %) was reported for combined inoculation (Bj), whicll was 

on par with Azospirillum Bz (2.16 %). Azospirillum is a nitrogen tlxing 

bacteria and this might have contributed to enhanced nitrogen content 

(Wani, 1990). Phosphorus content of plants increased significantly with 

biofertilizer application. Plants treated with combined inoculation 

registered significantly high P content (0.39 %) in plants. Potassium 

content in plants was also significantly influenced by b iokr t i l i z t r  

appI icalion. Combined inoculation of fluorescent pseudomonads and 

Azospirillr,m produced maximum K content (2.10 %), which was on  par 





with single inocuIation of  fluorescent pseduomonads (2.05 %) and 

Azospirillum (2.05 %). Similar results of increased nutrient content  by 

fluorescent pseudorntlnads inoculation were reported by Egam bcxdiyeva ~r uI. 

(2002). Subbiah (1  99 1)  reported increased nutrient content in plants treated 

with Azospiritlum inoculation. Combined inoculation registered maximum 

rlptake for nitrogen (56.63 kg ha") phosphorus (9.97 kg hi') and 

potassium (53.83 kg ham1). The better performances of combined 

inoculation might be due to the synergistic effect of the biofertilizers. 

However biofertilizer application did not significantly influence availabIe 

nutrient status of soil. Significantiy higher organic carbon content was 

noted for combined inoculation (0.81 %) compared to other treatments. 

Interaction effect on plant nutrient content and uptake was also 

significant. With respect to plant nitrogen content F3B4 (2.43 %) was on 

par with F I B 3  v i ~ . ,  NPK @ 75 per cent of the recommended dose + 
Fluorescent pseudomonads + Azospirillum (2.33 %). As far as plant 

phosphorus content is concerned, F3B4 viz., NPK @ 125 per cent of the 

recommended dose -t- no biofertilizers (0.45 %) was on par with F1B3 and 

FzB3 (0.41 and 0.39 per cent respectively), thus emphasizing the 

favourable effect of combined application of fluorescent pseudomonads 

and Azo.~pirillum along with lower doses of NPK fertilizers i. e . ,  75 per 

cent).  Maximum plant K content was noted for 125 per cent POP + no 

biofertilizers. Significan~ly higher N uptake (68.21 kg ham1), P uptakr 

(12.53 kg ha") and K uptake (65.52 kg ham1) was noticed for 125 per cent 

of the recommended dose of NPK + no biofcrtilizers. Interaction effect 

failed to produce any significant inf-luence on available N and P status of 

soil. Significantly higher K status of soil was noted for F3B4 viz.. N P K  & 
135 per cent of the recommended dose + no biofertilizers and it was on 

par with F3B3 and F2B3. 



5.2.4 Effect of NPK Fertilizers and Biofertilizers on Bacterial Count in 

the Rhizosphere and Disease Incidence 

perusal of the data on bacterial count in the rhizosphere which 

indicates the soil health reveaIsd that highest dose of NPK fertilizers i . e . ,  

I25  per cent of the recommended dose gave significantly lower count for  

both fluorescent pseudornonads and Azospiri[lum (30.75 x 10' cfu  g-l  soil 

and 5.08 x lo5 cfu g-' soil). However at lower levels of NPK fertilizers 

v i z . ,  75 per cent and I00 per cent of the recommended dose, there was 

considerable increase in the bacterial count. Lower bacterial count at 

highest inorganic nutrient level might be due to changes in soil P" and 

high osmotic potential resulting in partial and temporary steriIizatiol1 of 

soil (Tisdale el a/ . ,  2002). 

Fruit rot incidence was the maximum (20.07 %) at 125 per cent of 

recommended dose of  NPK and this was significantly higher than that 

recorded at lower Ievels vit., I00 per cent and 75 per cent of the 

recommended dose. Lesser pseudomonads count on the rhizosphere might 

have contributed to higher disease incidence. 

For biofrrtilizer application maximum count for fluorescent 

pseudomonads (40.00 x lo5 cfu-' g soil) was noted for s ingle  inncuIation 

of fluorescent pseudornonads and was on par with combined inoculation. 

(39.89 x 10' cfu g-lsoil) indicating that fluorescent pseudomonads and 

Azospirillum are compatible. Maximum count of Azospiri~ltim was 

noticed for Azospirilium inoculation (1  1.44 x 10' cfu g-' soil?. 

The least disease incidence was noted for fluorescent pseudonloi~ads 

treated plants. This might be due to the antifungal compounds produced 

by fluorescent pseudomonads. Fluorescent pseudomonads suppress  

pathogens by various modes of action namely competition for nutrients 

and space, by antibiosis and by inducing systemic resistance. Hcgd~ '  and 

Anahosur (2001) also noted the effectiveness of P. jIuoresc~.ns in  reducing 

fruit rot in chilli. Similar results of biological control by inocuIation with 





fluorescent pseudornonads were reported by Thomoshow and Weller 

( 1  996). Cinanamanickanl er a / .  (1 999), Ramamoorthy and Samiyappan 

(2001) and Vidyasekharan et  al. (2001). Interaction effect was not 

significant on these characters. 

5.2.5 Effect of NPK Fertilizers and Biofertilizers on Economics of 

Cultivation 

:\I critlcal analysis of the data indicated that different levels of N P K  

f e r t i l i ~ e r s  did not shou. significant influence on net returns and benefil- 

cost ratio. 

llowever, Diofertilizer application markedly influenced net returns 

and benefit-cost ratio. Maximum net returns (Rs 42834.48 haL' )  and 

benefit-cost ratio (1.59) was obtained for combined inoculation and was 

on par with fluorescent pseudomo~~ads inoculation (Rs 39850.66 ha-' and 

1 , 5 5  respectively). Biofertilizers are cost effective sourcc of nutrients for 

obtaining increased yield and hence net returns and benefit-cost ratio were 

significantly highel- f b r  biofertilizers compared to control. 

Corn bined application of fluorescent pseudomonads and Azospirillutn 

along with 75 per cent of the recommended dose of NPK had significantly 

higher benefit-cost ratio (1.82) and net returns (Rs. 59328.02 ha- ') ,  when 

compared to other treatment combinations. Compared to Package of 

Practices recornmendation (FzBJ i . ~ ' . ,  100 per cent recommended dose of 

N P K  with no biofertilizers) increase in net returns ha-' for this treatment 

combi~rntion was Rs 46131.85 ha-' Apart from increasing yield 

significantly. 2 5  per cent saving i n  the total quant i ty  of NPK fertilizers 

also   night have contributed to this increased net returns. The favourable 

significant influence of biofertilizers in enhancing crop yield at lower 

doses of NPK fertilizers emphasizes the need for integrating inorganic 

fertilizers and biofertilizers. 





Data on f r u i t  yield and economics of the treatment combinations 

elicitcd the favourable effect of 75 per cent of recommended dose of NPK 

along with combined inoculation oi' fluorescent pseudon~onads and 

Azospirillum (FIB3) which registered a fruit yield, net profit and bentfit- 

cost ratio of  8.74 t ha-', Rs. 59328.02 ha- '  and 1.82 respectively. Ilence 

this combination could be recommended for profitable chilli  cultivation in 

the state 
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6.  SUMMARY 

'l'he s t udy  entitled 'Kesponsc of chilli (Capsicum utlnuum L . )  to 

plant growth promoting rhizobactel-ia fluorescent pseudotnonads' has been 

progra~n~ned and carried out as two experiments v i z . ,  a pot culture trial 

and a field study at lhe College of Agriculture, Vellayani. The salient 

results clrlanating f'rom the study are sumn~arised in lhis chapter. 

' I  he pot culture study was programmed to evaluate  fluoresce^^^ 

pseudomonads isolates for growth promotion and yield in chilli and was 

carried out during the period from July to November 2002. Thc 

investigation was laid out in completely randomised design with four 

replications. The treatments consisted of five different isolates of 

fluorescerlt pseudomonads i . e . ,  P I ,  P5, P l j ,  P22 and KKI6. 

'I'he different  isolates exerted significant influence on various growth 

and yield attribules of chilli. l 'he  results revealed that plants treated ui th 

isolatt. P-2 liad signii'icantly higher plant height, number  of branchcs. 

shoot root ratio and canopy spread. Dry matter production was also 

significantly influenced by the treatments and isolate Pzz was on par with 

pl4- 

hna lys ing  the data on yield attributes, isolate P21. was found to be 

significantly superior to all other isolates except P 1 4  with regard to lenglh 

and  girth of fruits. Significantly higher 100 fruit weight was observed for 

isolate 'I 'I~cre was no marked difference arnong the different iso1att.s 

for the days to firsr flowel-ing, number  of flowers plant-1 and ascorbic acid 

content ut' fruits. 



I-iighrst values for number of marketable fruits and fruit yield were 

o b t a i ~ ~ r d  f o r  isolate PI ( 5 1 . 7 5  and 201.47 g plant''repectively) which was 

on par with  P 2 ?  (50.25 and 200.71 g plant- '  respectively). 

Application of fluorescent pseudomonads isolate P22 recorded 

significa~ltly higher N,  P and K content (1.88 %, 0.40 % and 2.20 % 

respectively). Uptake of phosphorus and potassium were also significantly 

highcr for isolale Pz2  compared to other isolates. Nitrogen uptake u a s  

rnaxin~ut~l  for isolale P2. but was o n  par with I j I 4  Available nitrogen and 

phosphorus status oi'thc sail after the experiment was markedly higher for 

isolate KKI(, .  Higher potassium status was noted for isolatc P3  which was 

on par  with K K I 6 .  

The different treatments failed to exert any significant influencc on  

bacterial count in the rhizosphere. As far as disease incidence was 

concerned, isolate P I  was identified as the most superior one. Considering 

economics of treatments, isolate P I  recorded the maximum net returns 

I ( R s  1.53 plant '  j and bellefit-cost ratio (2.03) and was on  par with P3?. 

(Ks 1 5 7  a l ld  1.01 respectively) 

Isolate P22 was the most superior one considering the growth 

characters. 'Though the data on yield attributing characters revealed that 

isolate Pz2  was on par with isolate P14, maximum disease incidence was 

observed for isolate Pl4. As far as marketable fruit yield and economics 

are concerned, isolates PZ2  and P I  were found to be on par. Thus a dual  

culture of isolates P72 and P I  was selected for further field study. 

6 .2  EXPERIMENT 11 

The field study has bcen carried out at the Instructional Farm,  

Vellayani dur ing Decernbcr 2002 to April 2003. The main objectives of 

the investigation were to assess the suitability of the best isolate of' 

fluorescent pseudomonads as a biofertilizer either alone or in combination 

u i th  ,.3:o.~prt.l/lzct~r along iih different doses of N P K  fertilizers on grou t h  



and productivity of the vegetable chilli variety Jwalasakhi. The stud), L V ~ S  

laid out  in factorial randon~ised block design with three repIications. The 

treatments corlsisted of combinations of three different levels of K P K  vi:.. 

75 per cent (56.3 : 30 : 18.8 kg ha-'), 100 per cent (75 : 40 : 25 kg h a 1 )  and 

125 per cent (93.8 : 50 : 23.5 kg ha-') of the recommended dose of N P K  as 

per Package of Practice Recommendations and four biofcrtilizer 

treatments (Fluorescent pseudomonads, Azospirillum, Fluorescent 

pseudomonads + A ~ o s ~ i r i l l u r n ,  no biofertilizers). The results of the 

investigation are summarised below. 

The effect of various treatments on growth characters was observed 

to be signiiicant. Plant height increased significantly with increasing 

leveIs of NPK fertilizers at all stages of growth. Significant increase uas  

also observed for number o f  branches at 30 and 60 DAT, dry matter 

production at harvest, shoot root ratio and canopy spread. 

Biofertilizer inoculation also significantly influenced the various 

growth characters. Combined inoculation of fluorescent pseudomonads 

and Arospirii/um recorded significantly higher plant height at all gro\vth 

stages, number of branches at 30 and 60 DAT, canopy spread, shoot root 

ratio and dry  matter production. 

Interaction of NPK fertilizers and biofertilizers also significantly 

influenced growth characters. Application of 75 per cent of the 

recommended dose of NPK along with combined application of 

fluorescent pseudomonads and Azospirillzrm was on par with 135 per cent 

of the recommended dose of NPK + no biofertilizers with respect to plant 

height at 60 DAT, number of branches at 30 and 60 DAT and dry  matter 

production at harvest. All the treatment combinations involv ing  

biofertilizers were on par with 125 per cent of the recommended dose of 

NPK without bioftrti1izer.s as far as canopy spread was concerned. 

Yield attributing characters and yield were also s igni f icant ly  

influenced by different Ievels of NPK. Significant increase was observcd 



in the number of days for 50 per cent flowering, number of flowers. 

length. girth and setting percentage of fruits with graded doses of NPK 

fertilizers. Application of NPK did not signiticantly influence the 100 

fruit weight and ascorbic acid conlent of fruits. Fruit yield plant-' and 

yield ha" were also not influenced by various levels of NPK. 

Biofertilizer application also had profound influence on these 

characters. Among the yield attributing characters, number of flowers 

plant'1 was significantly higher for combined inoculation of fluorescent 

pseudomonads and Azospirillum (B3). Regarding number of fruits 

fruit yield per plant and yield per hectare, combined inoculation of' 

f l u o r e s c c ~ ~ t  pseudomonads and Azospirillurn (4 1.53,  150.18 g plant*1 and 

7.76 t ha - '  resprcrivcly) was on par with iluorescent pseudomonads 

application (39.32, 144.84 g plant-1 and 7.56 t ha-' respectively). 

Application of biofertilizers failed to produce significant influence un 

time of 50 per cent flowering, fruit setting percentage, 100 fruit weighl. 

length. girth, and ascorbic acid content of fruits. 

As fhr as treatment combinations are concerned, application of 75 

per cent of the r econ~n~ended  dosc of NPK + Fluorescent pseudomonads -- 

A:o.spit+illiir~~ was o n  par with 125 per cent of the recommended dose of  

NPK + no biokr t i l izers  for  number of flowers plant-'. Similar results 

were also obtained for 100 fruit weight. 

Intzraction effect was llot significanr for the days for 50 per cerll 

flowering and  ascorbic acid content. With regard to sett ing percentage, 75 

per cent of the recommended dose of NPK + Fluorescent pseudomonads + 

s r i i t  100 per cent of the recommended dose of NPK .- 

Fluortscent psei~dvnlonads and 100 per cent of the recommended dose of 

N P K  + Azospirilllcn? were on par with 125 per cent of the rrcornmendccl 

dose of N P K  + no biofertilizers. Significantly higher fruit length was 

obserwd for 125 per cent of the recornrncnded dose of NPK + n o  

biofertilizers. 



\ilith regard to number of markrtablc fruits p lan t ' ' ,  77 per cent of t hc  

rccortln~ended dose of N P K  + FIuorescent pseudomonads + Azospirillirtl~ 

recorded significantly higher ~ a l u e s  (49.00) cornpared to other 

combinations. Regarding f r u i t  yieId plant-' and yield hectare" also, 75 pcr 

cent of the recornmended dose of NPK + Fluorescent pseudomonads - 
Azmspil-ililim registered maximum values (163.71 g plant'1 and 8.74 t ha - '  

respectively) and was on par with NPK I@ 100 per cent of thc 

recommended dose + Fluorescent pseudomonads inoculation (160.25 g 

plant-' and 8 .42 t ha ']  respectively). 

:2mong var ious  levels of NYK fertilizers tested, plants treated with 

higher level of inorganic nutrients  had significantly higher N P K  content vi' 

plants. Similar trend was also observed in nutrient uptake. Soil nitrogen 

and phosphorus status was significant in plots receiving nutrients upto 

medium level. Available potassiu~ll and organic carbon content of soil 

increased u-ith graded doses of' N P K  f rtilizers. 

Biofertilizcs inoculation also had marked influence 011 plant nutrient 

content and uptake. Significantly higher plant nitrogen content was 

observed for fluorescent pseudomollads + Azospirillum inoculation which 

was on par with Azospirillzrm treatment. Phosphorus content of plants was 

the highest with combined inoculation. Significantly higher potassium 

content in  planrs was observed for all biofertilizers compared to no 

biofert i lizer treatment. Bioferti lizer inoculation had no significallt 

influence 011 ~ I I C  pos t  experinlent available NPK status of soil. Combined 

inoculu l ion  of bioft.rti1izt.r~ registered the highest organic carbon contenr 

of soil .  

Regarding treatment combinations, 75 per cent of the recommended 

dose of N P K  + Fluorescent pseudomonads + Azospirillum recorded plant 

nitrogen content of 2.33 per cent and was on par with 125 per cent of 

recomlnended dose of NPK without biofertilizers (2.43 O h ) .  Regarding 

plant p hosphor.us contcr~t,  application of 75 per cent of the recommended 



dose o f  N P K  + Fluorescent pscudomonads -+ Azospirillum and 100 per 

cent of 111~ recornmended dose of N P K  + Fluorescent pseudomonads . 

A z u . s ~ ~ ~ t ~ r l l t i n ~  \%ere 011 pal- with 125 per cent of the recomn~ended dose 01 '  

N P K  .+ no biof.ertillzers. Significantly higher plant potass i i~m content wa> 

nutcd for 125 pel- cent of the recommended dose of N P K  + nc, 

bioferrili7.et-s and was  on par with 125 per cent recomn~ended dose of K P K  

along with combined irloculation and single inoculation of fluorescent 

pseudomonads and AzospiriJlum. Plant nutrient uptake was significantl) 

higher for 125 per cen t  of the recommended dose of NPK + no 

biofertilizers. 

Data on bacterial count in the rhizosphere which is an indicator ui' 

sol1 h c ~ l t h .  points out that ~n lc rub ia l  count was significantly lower at rht. 

highest dosu of KI'K I.,: . 125 per cent of the recommended dose. .A( 

lower. levels of N P K  fertilizers, there was colzsiderable increase 111 

microbial counts. Biofertilizer inoculation significanlly increasccl 

bacterial count  i n  the rhizosphere which emphasizes the importance o f  

b ioinocul i?n~s  in maintaining soil health. 

I'ruit rot i~lcidence increased significantly with increasing levels of 

NPK fertilizers. 125 per cent of the recommended dose of NPK fertilizers 

was found to be significantly inferior and NPK @ 75 per cent of the  

r e c o r l ~ ~ ~ ~ e n d e d  dose registered significantly lower values for this character. 

Among the biofertilizers tested, application of fluorescent pseudomonads 

recorded s i g ~ ~ i f i c a n t l y  lower fruit rot incidence whereas no biofertilizer 

treatment registered significantly higher values for disease incidence. 

L:conomic analysis revealed that net returns and benefit-cost ratio 

werc riot influenced bj- different levels of NPK. For biofertilizcr 

treatnients. combined inoculation of fluorescent pseudomonads and  

Azospirillum turned to be the best treatment recording the highest nct 

returns (Rs. 42834.48 ha- ' )  and benefit-cost ratio (1.59) and was on par 



with application of' fluorescent pseudomonads (Rs 39850.66 ha-' and 1 . 5 5  

respective] y).  

Among the treatment combinations, application of 75 per cent of the 

r scomn~ended  dose of NPK + Fluoresc~.nt pseudomonads + Azosp i r i l l z~ t~~  

recorded the highest nrr returns (Ks. 59328.02 ha-') and benefit-cost rat io  

(1.82) and was proved to bt: the most econo~nically viable treatment 

combination. 

The present investigation revealed that an integrated application of 

lower doses of NPK fertilizers (75 per cent of the recommended dose) and 

biofertilizers pi:. . fluorescent pseudomonads and Asospirillum was 

beneficial for economising the production of chilli. Application 01' 

biofcriilizers also proved to be the best for maintaining soil health bq 

increasing the microbial counl in the rhizosphere. 'I'he efficiency ot' 

biofertilizers especially fluorescent pseudomonads in co~ltroll ing diseasc 

incidence emphasises the need for integrating biofertilizers with inorgarlic 

fertilizers. 

Future line of work 

Considering the beneficial cffects of integrated application of 

inorganic and biofcrtilizers on soil and plant health as well as on crop 

growth and yield, i t  would be appropriate to focus studies on integrated 

nutrient management ( INM)  involving NPK fertilizers, biofertilizers and  

organic manures. Vermicompost, which is a cheap source of organic 

manure will be a better combination with fluorescent pseudomonads and 

NPK fertilizers and its effect on other vegetable crops and croppi t~g 

systems also needs in\:estigation, 'l'his can augment vegetable production 

in Kerala with incrsasccl tmphasis on sustainable agriculture. 



REFERENCES 



7. REFERENCES 

Ahmed, A. and Tanki, M.I. 1991. Response of chilli (Cnpsicum annuurn. L.) to 

nitrogen and phosphorus. Huryunu J Hort. Sci. 20 : 1 14- 1 18 

Alexander, A. 1977. Introduction to Soil Microbiology. Wiley Eastern , London 

p. 320 

Ali, S., Harnid, N., Rasul, G. and Malik, K.A. 1995. Usc of biofertilizers to 

enhance rice yield, nitrogen uptake and fertiliser -N use efficiency in saline 

soils. Pakist. J. Bor. 27 : 275-28 1 

Amara, A.M. and Nasr, S.A. 1995. Impact of foliar application with biofertilizers 

and micronutrients on the growth and yield of Bradyrhizobium inoculated 

soyabean plants. Ann. agric. Sci. 40 : 567-578 

Amritalingm, S. 1988. Studies on the effect of Azospirillum, nitrogen and NAA 

on growth and yield of chilli (Capsicum annlrttm L.) cv K-1 . S. Indian 

Hurt. 36 : 218 

Anilakumar, K., Johnkutty, I. and Joseph, K. 1993. Long term effect of 

continuous fertilization by organic and inorganic sources on rice 

productivity. J trop. Agric. 3 1 : 204-209 

Anitha. V. 1997. Nitrogen management in vegetable chilli grown in pots with 

modified drip irrigation system. M. Sc. (Ag.) thesis. Kerala Agricultural 

University. Thrissur, p. 138 

Amon, I. 1975. Physiological principles of dryland crop production. 

Physiological Aspecfs of Llryland Farming. (ed. Gupta, U.S.) Oxford and 

IBH Publishing Co., New Delhi, pp. 224-24 I 



Balakrishnan, R. 1988. Effect of Azospirillum, nitrogen and NAA on growth and 

yield of chilli. S. Indian Hort. 36 : 21 8 

Balasubramanian, A. and Kumar, K. 1 987. Performance of Azospirillum 

biofertilizer in irrigated and rainfed upland rice. Inr. Rice Res. ~!'e~i.sI. 

12 : 43 

Balasubramoni, P. 1988. Studies on the effect of Azospirillum and nitrogen on 

growth and yield of bhindi (Ahelmoschus esculenctrs L.) Moench var. Pusa 

Sawani. S. Indian Horf. 36 : 2 16 

Baldani, D. and Dobereiner, J. 1980. Host specificity in the infection of cereals 

with Azospirillum sp. Soil Biol. Biochem. 12 : 433-439 

Bashan, Y ., Singh, H. and Levanomy, H. 1989. Contribution of A. brasilensr to 

the growth of tomato seedlings is not through nitrogen fixation. Can. J Bot. 

67 : 2429-2434 

Belichki, I. 1988. Mineral fertilization of Capsicum annuum for early field 

production. Rasteniev'ldni Xuuki. 25: 56-6 1 

Boddey, R.M. Baldali, V.L.D., Baldani, J.1 and Dobereiner,J. 1986. Effect of 

inoculation of Azospirillrtm spp, on nitrogen accumulation by field grown 

wheat. PI. Soil 95 : 109- 12 1 

Bouyoucos, C.J. 1962. Hydrometer method improved for making partile size 

analysis of soil. Agron. 3. 54 : 464-465 

Bromocombe, M.J., De Leij. F.A.A.M. and Lynch, J.M. 1999. Effect 01' 

introduced Psertdomunas fluorescens strains on the uptake of N by 

wheat from N enriched organic rcsiduc. Worlci J. hfjcrobiol. Biote~.h. 

15 : 417-425 

Brotvn. M.E.  1072. Plant growth substances produced by microorganisl~ls of soil 

and rtlizosphere. J. Appl. Bcrcteriol. 35 : 443-45 1 



Bullock, L.R. and Ristaino, J.B. 2002. Effect of synthetic and organic soil fertility 

amendments on southern blight, soil microbial communities and yield of 

processing tomatoes. Phytoparhology 92 : 18 1- 189 

Chatto, M.A., Gandroo, M.Y. and Zargar, M.Y. 1977. Effect of Azospirillum and 

Azotobacter on growth, yield and quality of knol khol (Brassica oieracea 

var gongvlodes L.) Veg. Sci 24 : 16- 1 9 

Cohen, E.Y., Okon, J.K., Nair, I ,  and Henis, Y. 1980. Increase in dry weight and 

total N content in Zea mays and Setaria italica associated with N fixing 

Azospirillum sp. PI. Physiol. 66 : 746-749 

Cook, R.J. and Rovira, A.D. 1976. The role of bacteria in the biological control 

of G~eumannom~ces graminis by suppressive soil. Soil Biol. Bioohem. 8 : 

269-273 

Dart, P.J. t 986. Nitrogen fixation associated with non legumes in agriculture. Pi. 

Soil 90 : 303-304 

Day, P.R., Donor, H.E. and Mclaren, A.D. 1978. Relationships among microbial 

population and rates of denitrification in a Hanford soil. Nitrogen in rhr 

Environrnenl. (ed. Nielson, D.N.). Academic Press, New York, pp. 355-363 

Defago, G.,  Berling, C.H., Burger, V.D., Hass, G.C., Keel, C., Voisard. P., 

Wirthner, S. and Wuthrich, B. 1990. Suppression of black root rot of 

tobacco and other root diseases by strains of Pseudumonas jlf7uorescrn.s: 

Potential applications and mechanisms. Biologiccrl Confro1 (!f 

Soilborne Piunr Pathogens (eds. Hornby, D.) CAB International. 

Wellingford, U.K., pp. 93-1 08 

Defreitas, J.K. and Germida, J.J. 1992. Growth promotion of winter wheat by 

fluorescent pseudomonads under growth chamber conditions. Soil. Biol. 

Biochem. 24 : 1127-1135 

Decvan, G.I. and Rao, S.N.S. 1979. Seed inoculation with Azospirillum 

brasiliensr and Azorobucter choococuurn on root biomass of rice. Pi. Soil 

53 : 295-302 



Dileepkumar, B.S. and Dube, 

lo 

H.C. 1992. Seed fl uoresuent 

pscudomonads for enhanced plant growth, yield and disease control. Soil 

Biol. Biochem. 24 : 539-542 

*Dolkova, M., Petronv, K.H. and Rankov, V. 1984. Nutrient uptake from 

fertilized soil by Capsicum crop. Grad. Lozar. Nuuka. 2 1 :5 1-57 

*Dolkova, M., Ralkova, L. and Rankov, V. 1986. Effect of fertilization on the 

productivity and total nitrogen and nitrate content of capsicum. Rusteniev 

"hi Nauki, 23 : 70-74 

Egamberdiycva, D., Juraeva, D., Gafurova, L. and Hoflisch, G. 2002. Promotion 

of plant growth of maize by plant growth promoting bacteria in different 

temperatures and soils. Proceedings qJ 2j"' Annuoi So~iihern 

Conservational Ti'illage Conference for Sustainable Agriculture. June 24- 

26, 2002. (ed. Santen, E.V.) Auburn AL, USA. pp. 254-256 

Fallik. E.: Okon, Y. and Fischer, M. 1998. Growth response of maize roots to 

A;ospirillum inoculum : effect of soil organic matter content, number 

o f  rhizosphere bacteria and timing of inoculation. Soil Biol. Biochem. 

20 : 45-39 

Fayez. M. 1990. Untraditionctl nitrogen fixing bacteria as biofertilizers for wheat 

and barley. h l i u  iWicrobiologia 35 : 2 18-226 

Gallo, M. and Fabri, P. 1990. Tnoculation of Azospirillum brasiliense on 

chickpea. Symbiosis 9 : 283-287 

Cian. L.B.. Xin, Z.B. and Ryder, M. 2001. CoIonization of Pselidomonus 

~rrrlrginosa CR-j6 in the rhizosphere of cucumber and tomato. J 

Zhenjiung Univ. 2 7 : 1 8 3 - 1 8 5 

GchIot, P. and Purohit, D.K. 2002. Biocontroi of fusarium wilt of chilli through 

seed bacterization with Pseudornonas fl~torescens. J: I ~ ~ V C O ~ .  PI. Pcrrh. 

32 : 133-134 



Gnanamanickam, S.S. and Mew, T.W. 1992. Biological control of blast disease 

of rice (Oryzu sativa L.) with antagonistic bacteria and its mediation by a 

i'seudomonas antibiotic. Ann. Phytopath. Soc. Jpn. 5 8  : 380-35 

Gnanamanickam, S.S., Priyadarsini, B.V., Narayanan, N.N., Vasudevan, P. and 

Kavitha, S. 1999. An overview of bacterial blight disease of rice and 

strategies for its management. Curr. Sci. 77 : 1435-1 444 

Gopafaswami, G., Narasomban, V. and Kareen, A.A. 1989. Response of direct 

sown rice to Azosprillum lipoferum. Inf. Rice Res. Newsl. 14 : 24 

Gopalaswamy, G. and Vidyasekharan, P. 1987. Effect of method of applying 

Azospirillum brusiliense on rice yield. In[. Rice. Res. Newsl. 1 2 : 56 

Govindaswarny, K.N., Lakshminarayan, T. and Subrammian, S. 1992. Effect of 

submergence timing and application of AzospirilIllm and K on direct seeded 

rice. Int. Rice. Rrs. N~MJsI. 17 : 18 

Goyal, M.R., Guadaiupe-Luna, R., Hernandez, E., Ude, C. and Baez, C. 1989. 

Post harvest evaluation of nitrogen fertigated sweet pepper under deep 

irrigation and plastic mulch. J. Agric. C'niv. Puerto Rico 73 : 109-1 14 

Gupta. A,, Gopal, M. and Tilak, K.V.B.R. 2001. Rhizobacteria from field grown 

mungbean: plant grourth promoting potential. Indian J ,  agric. Rex. 

35 : 31-35 

Gupta. S., Arora, D.K. and Srivastava, A.K. 1995. Growth promotion of tomato 

plants by rhizobacteria and imposition of energy stress in R. soluni. Soil 

Biol. Biochem. 27 : 105 1-1058 

Gyorgy, P. and Pearson, W.N. 1967. The Vitamins- Chemistry, Philosopl~~ -- 

Method Second edition. Academic Press, New York, p. 238 

Hadcts, R. and Okon, Y. 1987. Effcct of Azospirillum brusiliense inoculation on 

root morphology and respiration in tomato seedlings. Biol. Ferl. Soi/s. 

5 : 231- 247 



Hao, J.J., Duniway, J.M., Dopkins, D.M. and Xiao, L. 2002. Efikcts of 

rhizobacteria on inhibition of soil borne pathogens and growth of 

strawberry. Phytopathologv. 92 2 534-539 

Heera, G. 2002. Evaluation of fluorescent pseudomonads for the management of 

sheath blight and bacteria1 blight of rice (Oryzu snlivu L.) M. Sc (Ag.) 
I 

thesis. Kerala Agricultural University, Thrissur, p. 54 

Hegde, D.M. 1 988, Irrigation and nitrogen requirement of bell pepper. Indicln J. 

ugric. Sci. 5 8  : 669-672 

Hegde, G.M. and Anahosur, K.H. 2001. Evaluation of fungitoxicants against fruit 

rot of chilli and their effect on biochemical constituents. kirrnatakcr ,I. 

agric. Sci. 14 : 836-838 

Hoflish, G. and Kuhn, G. 1996. Promotion of plant growth and nutrient uptake of 

cruciferous oil and intercrops by inoculated rhizosphere microorganisms. 

2. Pfrcinzener. Bodenkunde 159 :575-58 1 

Hofie, M., Boelens, J ,  and Verstrete, W. 1991. Seed protection and promotion of 

scedIing emergence by plant growth beneficial Pseudum~lnas strains 7NSK 

2 and ANPIS. Soil Biol. Biochrm. 23 : 407-41 0 

Jackson, M.L. 1973. SoiI Chemical Analysis. Second edition. Prentice Hall of 

India: New Delhi, p. 498 

Jayaraman, S. and Balasubramanian, K. 1991. Effect of different levels oC 

potassium and nitrogen on the yield of irrigated chilli. Mcrdrus Agric. J. 78 

: 5 19-520 

Jeevajothi, L., Mani, A.K., Pappiah, C.M. and Rajagopalan, R. 1993. Influence of 

K, P, K and .4zospirillum on the yield of cabbage. S. Indiun Horr. 41 : 270- 

272 



Jha, R.K. and Mishra, S. 1999. Effect of Azospirillum inoculation on nitrogen 

fixation and growth of sweet potato. J Appl. Bid .  9: 49-5 1 

John, S. 1989. Nutrient management in vegetable chilli (C'upsicrlm cumtiurn Id.) 

var. Jwalasakhi. M. Sc (Ag.) thesis, Kerala AgriculturaI University. 

Thrissur, p. 90 

Joseph, P.A. 1982. Effect of N, P and K on the growth and yield of chilli variety, 

Pant C-I.  M. Sc (Ag.) thesis, Kerala Agricultural University, Thrissur, p. 

10s 

Joseph, P.A. and Pillai, P.B. 1985. Effect of nitrogen, phosphorus and potassium 

on the growth and yield of chilli var. Pant C-1 . Agric. Res. J. Kerui~z 

23 : 75-82 

Kalyani, D.P., Sankar, C.R., PiIlai, R.N. and Prasad, D.M. 1993,. Effect of 

nitrogen and AzospiriIIum on drymatter and nutrient uptake of caul iflower. 

Veg. Sci. 19 : 147-151 

Kamble, P.U., Ramiah, M, and Patil, D.V. 2000. Studies on compatibility of 

Azo.~pirillum, Psertdomona.~ fluorescens and phosphobacteria for pad Jy 

seed inoculation. J. Soils Crops 10 : 567-578 

Kaminu ar, S .P. and Rajagopal, V. 1993. Fertilizer response and nutrient 

requirements of rainfed chillies in Andhra Pradesh. Ferr. Nrli~.s 

3 : 21. 33-76 

Kapulnik, Y.J., Gafny, R. and Okon, Y. 1985. Effect of Azospirilllim sp. 

inoculation on root development and nutrient uptake of wheat in 

hydroponic system. Lbn. J. Bof. 63 : 627-63 1 

Kapulnik? Y .J., Kigel, Y., Okon, I.N. and Henis, Y. 198 1. Effects of Azospiriilltm 

inoculation on some growth parameters and N content of wheat, sorghutn 

and panicurn. PI. Soil 61 : 65-70 



Karpagavalli, S., Marimuthu, T., Jayaraj, J., Rarnachandran, R. 200 1 . An 

integrated approach to control rice blast through nutrients and biocontrol 

agents. Res. Crops 2 : 197-202 

Karthikeyan, M. 1 98 1. Effect of Azospiriilum inoculation on rice under graded 

levels of nitrogen. M.Sc (Ag.) thesis. Tamil Nadu Agricultural Univeristy 

Coimbatore, p. 108 

KAU, 1996. Package of Pracfices Recornrnendcltions 'Crops '. Directorate of 

Extension, Kerala Agricultural University, Thrissur, p. 267 

Kavitha, K. 2001. Management of damping off and improvement of growth in 

chilli (Capsicum annuum L.) with native species of Arbuscular 

rnycorrhizae and A~ospirillum. M.Sc (Ag.) thesis, Kerala Agricultural 

University, Thrissur, p. 1 34 

Khan, M.A.R. and Suryanarayana, V. 1977. EFFect of N, P and K on flowering, 

fruit size and yield of chilli var, N.P 46.A. Veg. Sci. 4 :53-60 

King, E.O., Ward, M.K. and Raney, D.E. 1954. Two single media for the 

demonstration of pyomycin and fluorescin. J. Lab. Clin. ~Lftd .  

44 : 301-307 

Kloepper, J.W., Schroth, M.N. and Miller, T.D. 1980. Effect of rhizosphcre 

coionization by plant growth promoting rhizobacteria to plant growth and 

the displacement of root micro flora. Phytopatholuy 70 : 1 078- 1 082 

Kloepper. J.W., Tuzun. S, and Kuc, J.A. 1992. Proposed definitions related to 

induced disease resistance. Biocunlroi Sci. Tech. 2 : 349-351 

Knudson, G.R. and Spun-, H.W. 1987. Field pcrsistancy and efiv1cacy of five 

bacterial preparations for control of peanut leaf spot. PI. Dis. 71 : 447-445 

Kumaraswami, D. and Madalageri, B.B. 1990. Effect of Azvrobucfer inoculation 

on tomato. S Zndiun Hort. 38 : 345-346 



Kumaresn. M.A., Shanmugasundaram, V.S. and Balasubramanian, T.N. 2001. 

Integrated phosphorus management in maize (Zw mays) - sunflower 

(Helicrnthus annuus) - cowpea ( Vignin unguiczrlulrr) fodder cropping 

system. Indian J. Agron. 46 : 404-409 

Kureck, E. and Jarosenk-eisel, J. 2003. Rye (Secale cereale) growth promotion by 

Pseudomonas Juorescens strains and their interaction with Fusnrium 

culmorun~ under various soil conditions. Biol. Control 26 : 48-56 

*Lakatos, M. 1982. Studies on drymatter accumulation and nutrient uptake by 

Cupsicum cv. Soroksai Hajtako in water culturc experimenls. Krrt. ELv. 
KO:. 445 : 23-25 

Lata, S,  and Singh, R.P. 1993. Effect of nitrogen levels and growth regulators on 

growth, yield and quality of chilli. (Capsicum annuum L.) var Pant C-1. 

Veg. Sci. 20 : 40-43 

Lin, B.T., Wu, S.Z., Xu, V.M. and Mew, T.W. 1992. Screening of antagonistic 

bacteria for biocontrol of rice sheath blight. Chinese J. Rice Sci. 6 : 77-82 

Loper, J.K. and Schroth, M.N. 1986. Muence of bacterial sources IndoIe-3 

acetic acid on root elongation of sugarbeet. Phytopcrtlioiogl/ 76 : 386-389 

Luz, D.W.C., I3ergsfrom, G.C. and Stockwell, C.A. 1998. Seed applied 

bioprotectant for control of seed borne Pyrenophoru Iritici and agronomic 

enhancement of wheat. Cun. J. Plunr Parh. 19 : 384-386 

"Manib, M., Add-el Malak, Y., Hosney, I and Fayez, M. 1979. Effect of 

rlzospirillum inoculation on plant growth and soil nitrogen. Zenlbl. 

Bukeferiol. Parasilenkd. Intektionskr : Hyg. 1 36 : 555-5 59 

*Marimuthu, S., Subbiall, P., Ramarnoorthy, V, and Samiyappan. R. 2002, 

Synergistic effect of combined application of Azuspirillllum and 

Pseudomonas jlzlunrescens with inorganic fertilizers on root rol incidence 

and yield of cotton. Z, PJanzenkr. PJanzerisch. 109 : 569-597 



Mamoranjitham, S.K., Prakasam,V. and Rajappan, K. 2000. Biological controI of 

damping off using talc based formulations of antagonists. Ann. P1. 

Prorection Sci. 8 : 159- 162 

Marschner, P., Gerendas, J ,  and Sattelmacher, B. 1999. Effect of N concentration 

and N source on root colonization by Pseudomonas j7uorescens 2-79 RLI. 

PI. Soil 215: 135-141 

Mary, S.S. and Balakrishnan, K. 1990. Effect of irrigation, nitrogen and 

potassium on pod characters and quality in chilli (Capsicum annuurn L.) cv. 

K-2. S. Indian Hurt. 3 8 : 86-89 

Mzhrotra, C.L. and Lehri, L.K. 197 1. Effect of Azolobacter inocuium on crop 

yield. J. Indian Soc. Soil. Sci. 19 : 243-248 

Mondal, K.K., Singh, R.P., Dureja, P. and Verma, J.P. 2000. Secondary 

metabolites of cotton rhizobacteria in the suppression of bacterial blight of 

cotton Indian Phytopath. 53 : 22-27 

"Munoz-Garcia, A.A. and Valdes, M. 1995. The population dynamics of maize 

rhizoplane inoculated with Pseudomonas and Azospirillum. Rsvs. 

Lafinnamericana Microbiol. 37 : 3 05-3 15 

hluthamilan. h.1. 1994. Management of diseases of chickpea and rice using 

fluorescent pseudomonads. Ph.D thesis, Tamil Nadu Agricultural 

University, Coimbatore, p. 182 

*Nadezhkina, E.V. and Silnova, E.E. 2001. Effect of rhizosphere bacteria on the 

formation of grain crop of millet. Agrukhirniya 6 : 40-43 

Nasreen, S. and Islam, M.S. 1989. Response of chilli to nitrogen, phosphorus. 

potassium and sulphur fertilization. Bangladesh Horr. 1 7 : 5-9 

Natarajan, S. 1990. Standardisation of nitrogen application for chilli 

(C'crpsictim unnuuna L.) grown under semi dry condition. S /ndiun 

f!ort. 38 : 315 -318 



Nautiyal, C.S. 2000. Selection and effects of rhizosphcre competent biocontrol 

bacteria on chickpea development and yield, Proceedings nj'lnlernutjonctl 

Conjerence on inlegruted Piunt Disease Munagemen1 for Sustuinubl~. 

Agriculture, Decem btlr 2, 2000. (ed. Mitra, D.K.). Indian P hytopathofogical 

Society, IARI, New Delhi, pp. 292-293 

Oblisami, G., Natarajan, T., Arumugam, R, and Muthukrishnan, C.R. 1976. Effect 

of Azotobacter inoculation in Okra. S. Indian Horr. 25 : 83-84 

Okon, Y. 1985. The physiology of Azospirillum in relation to its utilization as 

inocuIum for promoting growth of plants. Nitrogen Fix~lfion cmd CO? 

Metabolism (eds. Luden, P.W. and Burris, J.E.). Elsevier, New York, 

pp. 165-1 74 

Pacovsky, R.S., Paul, E.A. and Bethlenfalvay, 1986. Nutrition of sorghum plants 

fertilized with nitrogen or inoculated with Amspirillum brusiliensc. 

Pi. Soil 85 : 145-148 

Pal, K.K., Dey, R., Bhatt, D.M. and Chauhan, S. 1999. Enhancement of 

groundnut growth and yield by plant growth promoting rhizobacteria. 

Infer. Arachis Newsl. 19 : 5 1-5 3 

Palaniappan, S.D., Kutty, J.I. and Prameela, P. 1995. Soil fertiiiq management in 

cropping systems with organic manure. Organic Agriczri[rire (ed. 

Thampan, P.K). Pee Kay Tree Crops Development Foundation, Cochin. 

pp. 224-2 54 

Panse, V.G. and Sukhatme, P.V. 1 985. Statistical Methods for Agricul~ur~ll  

tvorkers. Fourth edition. Indian Council of Agricultural Research. New 

Delhi, p.347 

Panwar, J.D.S. and Singh, 0. 2000. Response of Azospirilium on growth and 

yield of wheat under field conditions. Indian J. PI. Physiol. 5 : I 08- 1 1 O 



Paramaguru, P, and Natarajan, S. 1993. Effect of Azospirillurn on grolvth and 

yield of chilii grown under semi dry conditions. S. Indian Florr. 4 1 : 80-83 

Parvatham. A,, Vijayan, K.P. and Nazar. A. 1989. Effect of Azospiril(tim on 

growth and nutrient uptake of Pusa Sawani bhindi (Abelmoschus esculentus 

L. Moench). S. Indian Hort. 37 : 227-229 

Phillips, J. 1972. The problems in the use of chemical ferilizers. The Ccrrtiess 

Technology (eds. Famar, H.T. and Milton, J.P.). Tom Stacey, London, pp. 

549-560 

Piper, C.S. 1966. Soil and Plunt Analysis. University of Adelaide, Australia, 

p. 368 

Prabhakar, B.S., Srinivas, K. and Shukla, V. 1987. Growth and yield responses of 

green chilli to nitrogen and phosphorus fertilization. Indian Cocou 

Arecanut Spices J. 10 : 12- 14 

Prasad. J. and Singh, R.S. 1984. Effect of bacterization of rice seedlings with 

Azorobucter and Azospirillum. Indian J agric. Res. 1 8 : 63-67 

Raj, A.K. 1999. Organic nutrition in okra (Abelmoschus esculenfus). M.Sc (Ag.) 

thesis. Kerala Agriculture University, Thrissur, p. 1 33 

Ramachandran, S. and Subbiah, K.K. 198 1. Studies on the effect of plant density 

and graded levels of nitrogen on yield and yield components of chillies 

(Cnpsicum annuum L.). S. Indian Hort. 29 : 178-1 8 1 

Ramamoorthy, V ., Raguchander, T. and Samiyappan. R. 2002. Enhancing 

resistance of tomato and hot pepper to Pythium diseases by seed trealment 

with fluorescent pseudomonads. European J. PI. Pcrth. 1 08 : 429-44 1 

Rarnamoorthy, V. and Samiyappan, R. 200 1. Induction of defense -relntcd genes 

in Pseudomonasfluorescens treated chilli plants in response to infection by 

Coile~o~richurn cupsici. J. ~Mycol. Pi. Path. 31 : 146-155 



Rangeswaran, R. and Prasad, R.D. 2000. Isolation and evaluation of rhizosphere 

bacteria for biological control of chickpea wilt pathogen. J. Biol. C'untrtd. 

14 : 9-15 

Rangeswaran, R., Prasad, R.D. and Anuroop, C.P. 2001. Field evaluation of two 

bacterial antagonists, Pseudomonm putida and Pseudomonas j1uorescen.s 

against wilt and root rot of chickpea. J. Biol. Confro1 15 : 165- 170 

*Rankov, V., Oimitrov, G, and Stoyanova, I. 1983. Nitrogen, phosphorus and 

potassium uptake during early capsicum growth at different levels of 

mineral fertilization. Fiziol. Rust. 9 : 22-3 1 

*Rankov, V ,  and Todorov, I.K. 1984. Nitrogen, phosphorus and potassium 

uptake from the soil in relation to the yield of capsicum cultivars. Grad 

Lozar.lVuuku. 2 1 : 57-62 

Rao, E.H. and Gulshanlal, 1986. Response of chilli (Capsicum annuurn L.) var. 

Pant C-I to varying Ievels of nitrogen and spacing. Veg. Sci. 13 : 17-21 

Rao, R.Y., Bhavaji, J.N. and ~Murthy, N.S.R. 1988. Studies on nitrogen nutrition 

of chilli in relation to potassium under rainfed condition. Indian C'ocou 

Arecunut Spices J. 1 1 : 90-93 

Rao, V.R., Nayak, D.N., Charyulu, P.B.B.N. and Adhra, T.K. 1983. Yield 

response of rice to root inoculation with Azospirillum. J. ugric. Sci. Calif: 

Rekha, S.R. 1999. Integrated nutrient management in brinjal (Sol~mlim 

melongenn L.). M.Sc. (Ag.) thesis, Kerala Agricultural Uni\.crsily, 

Thrissur, p. 103 

*Roman. L. 1982. Studies on mineral nutrition with nitrogen, phosphorus and 

potassiun~ on capsicum grown under high plastic tunnels. Anale. Inst. C:'cr-. 

Pent. Leg. b'lori. Vidra 6 : 19 1 - I96 



Rosales, A.M., Vantomme, R., Swings, J., Dehey, J .  and Mew, T.W. 1993. 

Identification of some bacteria from paddy antagonistic to several rice 

fungal pathogens. J. Phytopath. 1 3 8 : 1 89-208 

Russel, E. W. 1973. Soil Conditions and Plant Growth. Tenth edition. Longman 

group, London, p. 5 73 

Russo, V.M. 199 1. Effects of fertilizer rate, application, liming, plant spacing on 

yield and nutrient content of bell pepper. J. PI. Nurr. 14 : 1047-1 056 

Sakthivel, N. arid Gniurarnanickam, S.S. 1987. Evaluation of Pseudomon~i,~ 

fllcorescens for suppression of sheath rot disease and for enhancement 

of grain yieId in rice (Oryza sativa L.). Appl. Environ, rLficrobio/. 

5 3  : 2056-2059 

Sarig, S., Blum, A. and Okon, Y. 1988. Improvement of the water status and 

yield of field grown grain sorghum by inoculation with Azospirillum. J 

Agrir. Sci. Cumb. 1 10 : 27 1-277 

Savithry, S. and Gnanarnanickam, S.S. 1987. Bacterization of peanut with 

Pseudomonasfluorescens for biological control of Rhizclcloniu soir~ni and 

for enhanced yield. PI. &Soil I02 : 1 I 

Schippers, B., Bakker, P.A.H.M. and Bakker, A.W. 1987. Interaction of 

deleterious and beneficial rhizosphere microorganisms and the effect on 

cropping practices. Ann. Rev. Phytopath. 25 : 339-358 

Schmidt, E.L. 1979. Initiation of plant root- microbe interactions. Ann. Rev. 

~Microbiol. 33 : 355-376 

Schroth, M.N. and Becker, 1.0. 1990. Concepts of ecological and physiological 

activities of rhizobacteria related to biological control and plant growh 

promotion. Biological Con~rol of ,oilborne Plcrnl Pathogens (eds. Hornby, 

D.) CAB International, Wellingford, IJ.K., pp.376-389 



'Shabayev, V.P. and Srnolin? V.Y. 1999. Rape yield and nutrient uptake when 

seeds are inoculated by the rhizosphere bacterium Pseudomona.c 

Juorescens 30 in relation to the nitrogen rates applied. Agrokhimiyu 

5 : 67-76 

*Shabayev, V.P. and Smolin, V.Y. 2000. The response of winter wheat to 

inocuIation with Pseudomonas bacteria on grey forest soil. Pochvovediniv 

4 : 497-504 

"Shabayev, V.P. and Smolin, V.Y. 2002. The response of fodder beet to the 

inoculation with Pseudomonas j7uorescens 20 on gray forest soil as 

conditioned by minerat nutrition. Pochvovedinie 6 : 7 1 5-724 

Sherly, C.M. 1996. Response of vegetable chilli to grades level of nitrogen and 

potassium under varying soil moisture Ievels. M-Sc (Ag.) thesis. Kerala 

AgricuItural University, Thrissur, p. 1 10 

Shin, C.W., Yoon, J.H., Rhee, K.M., Park, J.K. and Roh, T.H. 1988. Soil 

chemical properties of representative farmers field for hot pepper and yield 

response to nilrogen, phosphorus and potassium fertilizers. Research 

Report No. 30. Rural Development Administration, Soil Fertility. Korea 

Republic, p. 83 

Shukla. V. ,  Srinivas, K. and Prabhakar, B.S. 1987. Response of bell 

pepper to nitrogen, phosphorus and potassium fertilization, Indian 

J. f r o ~ t .  43 : 81-84 

Silva, A.D., Patternson, K., Rothrock, C, and Moore, J. 2000. Growth prornotiorl 

of high bush blueberry by fungal and bacterial inoculants. Hon. Trchnol. 

35 : 1228-1 130 

Singh. C and Sharma, B.B. 1993. Leaf nutrient composition of sweet orange as 

affected by combined use of bio and chemical fertilizers. S. Indim Herr. 

41 : 131-134 



Singh. K,  and Srivastava. U.K.  1988. Effect of various levels of  nitrogen and 

phosphorus 01.1 growth and >iclci of chilIi ({'~rpsiciinr rmnlrtiilr L . ) .  Indian .I. 

f l0~~1.  45 : 3 19-324 

Singh. P.. Shrlrrnn. P.P. and Asyo. 1j.S. 1986. Studies on the zfii'ct of nitrogen and 

potassium on g-owtlt. fruit yield and quality of chilli. I~cliun C'ocorl 

:41.cc.~rni1t Spiccs ,I, 9 : 67-79 

Smith. R.L.. Schnk. S.L.. 3onto11, J.H. and Qusenberry. K.H. 1978. Yield 

increase of tropical grasscs afier inoculation with rl:oLspir.illum lipofbrum. 

EcoI. Bc1/1. 26 : 380-385 

Smitlu. K.P. 2000. Management of foliar blight of amarai~thus (Am~rruplfhus 

i r i~ 'o io~ ' )  caused by RI?i:oc~onI'~z .col~~ni Kuhn using microbial antagonisrs. 

b1. Sc. (.Ag.) thesis. Kerala Agricultural University. Thrissur. p.73 

Subbarao. N.S.. Tilnk. K.V.B.R.. Singh. C.S. and Kumari.i,.M. 1979. Response 

of f tw economic specics of graminaceous plants to inoculation with 

.4:o.~pjri l /11t~? . C'urr. Sci. 48 : I 33- 1 34 

Suhbinh. B.V. and Asija. G.L. 1956. A rapid proccdure for estimation of 

available ~~itrogen in soils. C ' r r n - .  Sci. 25 : 259-260 

Subbiuh. K. 1990. Nitrogen and ,.l,-o.spir.iil~lm interaction on fiuir yield and 

nitrogen use efficiency in tomato. .T. lrlcJiirlr Ho1.1. 38 : 342-334 

Subbiah. K. 1991. Studies on tht  effect of nitrogen and Azospit.ill~irn in okra. ,Y 

Inriir117 HoI.~. 39 : 37-44 

Subhiah. K .  1994. Effect of nitrogen. potassium and biofertitizers on yield and 

nutticnt uptakc in chilli and bellari onion. Iltcrcir~l.s ~rgric. .I. 8 1 : 277-779 

Sl~bllinh. E;.. T-Ielkiah. J . ,  Ravikumar. V .  and Rajagopal, C.K. 1982. Effect of 

combined application of organic and inorganic fertilizers on yield and 

nutrient uptake of bIDll- 1 chilli. S. I~clion f k ~ ~ ~ t .  30 : 45-47 



Subhani, F.M., Ravisankar, C, and Narayana, N. 1990. Effect of graded levcls 

and time of application of nitrogen and potassium on flowering, fruiting 

and yield of irrigated chilli. IncJiupl Cocoa Arecanuf Spices J. 14 : 70-73 

Subrarnanian, P. 1987. Studies on the effect of methods of Azospirillum 

inoculation and nitrogen levels on the yield of low land rice (IR-50). M. Sc 

(Ag.) thesis. Tamil Nadu Agriculture University, Coimbatore, p. 105 

*Surlekov, P. and Rankov, V. 1989. The effect of fertilization on capsicum 

productivity and soil agrochemical and biological properties in monoculture 

Poch. Agro. 24 : 17-23 

Suslow, T.V. 1982. Role of root colonizing bacteria in plant growth. 

Phytopathogenic Prokaryoles (eds. Mount, M.S , and Lacy, G.H.). 

Academic press, London, pp. 187-223 

Suslow, T.V. and Schroth, M.N. 1982. Rhizobacteria of sugarbeets: Effkcts of seed 

application and root colonization on yield. Phyropathology. 72 : 194-209 

Swarupa, S.G. 1996. Study on the effect of biofertilizers on the growth of C x R 

coffee seedlings. J Cofee Res. 26 : 62-66 

Tabar, A.R.. Rastin, N.S., Alikhani, I-I.A. and hlohammadi. h1. 2002. kflicis of 

native Pseudomonas JIuorescens strains on nutrient uptake by wheat. 

Irunian J, ugric. Sci. 3 3 : 77 1 - 780 

Thamburaj. S. 1991. Biofertilizers for onion crop: lesser the expense, healthier 

the soil. S. Indian Hor!. 36 : 23 

Thiagarajan, C.P. 1990. Influence of nitrogen, phosphorus and potassium on the 

yield and quality of chilli seed. S, Indian Horl. 38 : 159-160 

Thomas, M.B. and Leong, A.G.B. 1984. The effect o f  shade and nitrogen on 

production of container grown ornamental peppers. (Ccrpsicum cwiwl/zlnz I..) 

A J. Huyctl New Zru i~nd  Ins. Ilurl. 12 : 57-67 



Thomoshow, L.S. and Weller, D.M. 1996. Current concepts in the use of 

introduced bacteria for biological disease control. Mechanisms and 

antifungal metabolites. Plant Microbe In~eractions (eds. Stacey, G. and 

Keen, N) Chapman and Hall, New York, pp. 1 87-23 5 

Tjen, T.M., Gaskins, M.H. and Hubbel, D.H. 1979. Plant growth substances 

produced by Azospirillum and their effect on the growth of pearl nlillet 

(Penniserum americanum). Appl. Environ. Microbial. 3 7 : 1 0 1 6- 1 024 

Tisdale, S.L., Nelson, W.L., Beaton, J.D. and Havlin, J.L. 2002. Soil Fertility und 

Fertilizers. Fifth edition. Prentice I-Iall of India, New Delhi, p. 634 

Uddin, M.M. and Begum, S. 1990. Effect of fertilizer on Vitamin C content of 

green chilli (Capsicum sp.). Bangladesh J. scient. ind. Rtls. 25 : 1 -1 

Varshney, S. and Chaube, H.S. 1999. Biocontrol potential of some selected 

isolates of fluorescent pseudomonads naturally occuring in the rhizosphere 

of tomato. Indian J. Plunt. Path. 17 : 59-6 1 

Venkateswarlu, B. and Rao, A.V. 1983. Response of pearl millet to inoculation 

with different strains of Azospirillum brnsiliense. PI. Soil. 74 : 3 79-3 86 

Vidyasekharan, P., Kamala, N.. Ramanathan, A, ,  Rajappan, K., Pananidharan. V. 

and VeIazhahan, R. 2001. Induction of systemic resistance by 

Pseudornonas Juorescens pfl against X~rnthomonus oryne  pv. uryzuc in 

rice leaves. Phy~opn~.asiiica 29 : 155- 156 

*Vorobeikov, G.A., Khmelevskaya, I.A., Pavlova, T.K. and Khotyanovich. A.V. 

1996. Mineral nutrition and productivity of fibre flax afier seed treatment 

with bacterial seed preparations. Agrokhimiya 8 : 28-34 

Warn, P.V. and Konde, B.K. 1986. A study on Azospirillurn a review. J. 

.kl~lhcrmshtra University. 11 : 203-204 



Wani, S.P. 1990. Inocutation with associative nitrogen fixing bacteria: Role of 

cereal grain production and improvement. Indiun J. 12!iorohiul. 

30 : 363-393 

Wei, G., Kloepper, J.W. and Tuzun. S. 1991. Induction of systemic resistance of 

cucumber to C'ollerotrtchurn orbiculare by selected strains of plant gron-th 

promoting rhizobacteria. Phytopathology 8 1 : 1508- 15 12 

Weller, D.M. 1983. Colonization of wheat roots by a fluorescent pseudomonads 

suppressive to take all. Phytoputhology 73 : 1 548- 1 55  3 

Zayed, E.A., El-Zawily, A.1, and Nofal, E.S. 1985. Studies on growth. 

productivity and some physiological aspects of hot pepper (Cq.~ictim 

unnuum L.) var. Red cherry by nitrogen, phosphorus and potassium 

fertilization. J. agric. Sci. ~2funsouria Univ. 1 0 : 19 1 - 198 

"Original not scen 



RESPONSE OF CHILL1 (Cnpsictrm crutzucrm L . )  TO P L A N T  

GROWTH PROMOTING RHIZOBACTERIA FLUORESCENT 

PSEUDOMONADS 

ANU. V. 

Abstract of the 
thesis submitted i n  p a r t i a l  fulfilment o f  the requirement 

for  thc  drprcc  of 

Master of Science in  ~ ~ r i e u l t u r e  

Faculty of Agricul ture 
Kerala Agricultural University, Thr issur  

Department of Agronomy 
COLLEGE OF AGRICULTURE 

VELLAYANI, THIRUVANANTHAPURAM 695522 



I 17 

8.  ABSTRACT 

The research project entitled 'Response of chilli (Cupsicurn annuurn L . )  

to plant growth promoting rhizobacteria fluorescent pseudornonads' was 

cprried out as two investigations viz., a pot culture trial and a field study 

at the College of  Agriculture, Vellayani, during July 2003 to April 2003. 

The study was conducted on chilli cultivar, Jwalasakhi. The pot culture 

study was aimed at evaluation of fluorescent pseudornonads isolates for 

growth promotion and yield in chilli.  The treatmerits consisted of five 

different isolates of fluorescent pseudomonads (P I ,  Ps, P14, P:: and KKlh). 

The trial was laid out in completely randomised design with four 

replications. 

Among the five isolates tested, isolate Pzz was adjudged as the best 

one for growth promotion and P i  for disease resistance. As far as yield and 

economics are concerned, these two isolates were found to  be on par. 

I 'hus a dual culture of isolatc P2? and P1 was selected for further field 

study. 

The objective of the field study was to assess the suitability of the 

best isolate of fluorescerlt pseudomonads as a biofertilizer either alone or 

in combination with Azospirillum along with different doses of NPK 

fertilizers on growth and ~roductivi ty of chilli.  The field study was laid 

out in factorial randomised block design with three replications. ?'hc 

different treatments included three different lcvels of NPK (75 per cent 

6 .  : 0 : 18.8 kg ha-'). I 00  per cent (75 : 40 : 25 kg h i 1 )  and 125 per 

cent (93 .8  : 50 : 23.5 kg ha-') of the recommended dose of NPK as per 

POP) and four biofertilizer treatments (Fluorescent pseudorno~~ads. 

Azospirillum. Fluorescent pseudomonads + Azospirilltrm and no  

biofertilizers). 'I'he abstract of the result is furnished belon7. 



! \ \ I  thc growth charactcrs incrcascd signi  ficantlqp ivith grarieJ cioscs 

t I Co1-11bincc1 inocula t in t~  of i l u o r c s c c ~ ~ t  p s c u d u m o i ~ a d s  and 

. I : o . v p i ~ - ~ l l z ~ n ~  was thc  rliost supcrior onc anlong biol'crtilizcr truiltruents. 

Si111il;il. trc11~1 \\;;IS also nhscrved t'or yield attr ibuting charactcrs.  1 lowcvcr 

i ~ i t l ~  TC_L';~I.~ tu 111askct;lb1~ Urtiit yield. all the lcvels of K t ' t i  furtilizers 

tested were s t r~ t i s t ica l ly  on par. With respccl to biof~crtilizer application,  

colnhincd inoculation (7.7 5 t ha") was on par LX-ith fluorescent 

pscucionlr111ac15 appl ica t i r~n (7 .3h  t ha- ' ) .  Compared to control  oi' ncl 

bioii.rtiIizer l r e a t n ~ e ~ l t ,  F l ~ o r ~ s ~ c i l t  pscudun~onads + . ~ ~ l r o . s ~ ? i r i l / ~ ~ ~ ? ~  

incrcascd fruit yicld by 46.60 pcr ccnt .  A m o n g  the treatment combinations. 

75  pcr ccnt of t l ~ c  r c c ~ n ~ n ~ c l ~ d c c !  cto.so of NPK (56 .3  : 30 : 18.8 kg ha'' j + 

I-luoi-cscenl pseudo1non;lds -t ; l : o . ~ j > j ~ i / l ~ i r r ~  produced significant14 higher 

)iclc! (8 .74  t ha" )  and ensured a saving of 25 per cent oC recotnrnended 

dose- ol' N P K .  100 pcr ccnt POP 4 Fluoresceni pscudomonads  application 

was on  par  ~ v i l h  this Lrcatmerit. 

:\i 135 per c tn t  of  the recommcndcd dose of' NI'K (93.8 : 50 : 23 .5  Lg 
I 

ha  ) n~ic rob i :~ l  count in thc  I-hizosphcr+c i \ as  significantly lower  am1 f r u i t  

rul inciclcncc u as  s i g n i f i c a ~ ~ t l )  I I  Riofcrtilizer applioatiorl 

siguil'icnntly increased microbial c o m t  a n d  reduced discuse incidence.  7 5  

P C "  w c t  u f  I-cco1n111crtdt.d dosc or K P K  + t:luorescent p s e u d c ~ ~ ~ ~ c r n a ~ l s  t 

I I S  I a t h r :  most  cconomic311y viablc rl+eatment 

C L ~ I ~ I ~ ~ I I I ; ~ I ~ O J I .  n l t l l  a n e t  profit  and hencfit-cost ratio of Rs. 59323 ha-' and 

1 . S 2  rcsl7~cti \ .ely.  
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APPENDIX I 

Weather parameters during the cropping period 
(July 2002 to November 2002) 
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APPENDIX I I  

Weather parameters during the cropping period 
(December 2002 to April 2003) 
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