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INTI{ODUCTION 

Fertilizer is considered as the most effective and expensive input In 

agriculture. It is the primary concern of soil scientists to help the farmer to 

derive maximum benefit out of this costly input by increasing the fertilizer 

use efficiency by appropriate methods. 

Management of P fertilizers for various crops has been a (~lvourite 

topic of research for many a soil scientist in India as well as in Kerala. It 

is widely known that the different soil types of India supporting a variety of 

crops and cropping systems show only a ver~/ poor response to the lise of 

phosphate fertilizers. The consumption of P fertilizers in Inuia as well as in 

Kerala is not as high as that of Nand K fertilizers eviuently due to the lack 

of a spectacular crop response to P as in the case of Nand K. 

While the e/Ticiency or applieu N anu K fertilizers is uuversely 

affected by their high water solubility and resultant losses from soil, the 
1 

effectiveness of P fertilizers is decreased due to their reaction with soil 

components forming insoluble products which diminish their availability to 

plants. An efficient P fertilizer management programme, therefore, should 

take care of these aspects and practice all methods feasible to maintain an 

optimum level of available P in soil to meet cOfltinlleu plant demand. 
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Needless to mcntion, much of this phenomcnon depend upon the nature of P 

fertilizers ami the soil type in which they arc used. 

Since the production of water soluble phosphate fertilizers is energy 

intensive and likely to be limited by regulation of foreign exchange lor the 

import of raw materials, direct application of mined rock phosphates as such 
, 

is encouraged as a feasible proposition",-as a national fertilizer policy. , . 

The utilisation of about 260 million tons (.Iaggi, 1989) of Rock 

Phosphate distributed in the States of MP, UP, AI' and Rajasthan as a direct 

source of P fertilizer is considered as an easy and simple way of exploring a 

natural resource in a most economical way. 

Indigenous and cheaper rock phosphates have already replaced the 

costlier water soluble phosphate fertilizers in the fertilizer market in Kerala. 

Different types of rock phosphates like Rajasthan Rock phosphate, Udaipur 

Rock Phosphate, Mussoorie Rock Phosphate etc. are currently used on a large 

scale for various long and short duration crops, both lIlH.ler upland and 

wetland soil conditions. 

The midland region of Kerala, accounting for about 41.76% of the 

geographical area of the state is predominated by typical laterite soils, 

notorious ror high P fixing capacity and lack or response to P fertilizers. 

The area nurtures a careteria of crops, all of which invariahly show a poor 

response to phosphate fertilizers. Along with other field crops like coconut, 
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IS considered to be a very effective method (Singh et 01. 1979 and 

Ushakumari, 1991). 

Priming of RP in moist soil for two weeks before field application 

has been acclaimed to increase its elTicicncy especially for short duration 

crops (Nair, 1977 and Nair, 1978). 

Uti I i sati on of soi I m icroorgani sm s as agents for med i at i ng 

solubilisation of P from RP is yet another technique promulgated by 

microbiologists. Reports on the successful use of phosphobacterin cultures 

in the USSR have prompted many Indian Scientists and since 1960, a huge 

volume of research has been carried out on the usefulness of PSM in boosting 

P use efficiency in various crops. Encouraged by the results, cultures of 

different types of PSM are recommended for use along with RP in most of 

the Indian states. However, it has never been a recommended practice in 

Kerala, although some progressive farmers are using PSM cultures suppl ied 

by private agencies promoting the use of biofertilizers. 

The use of phosphobacterin cultures open up a new avenue for better 

P management in banana in Kerala. !\ number of trials have been conducted 

in KAU on the nutritional requirement of banana varieties, the major stress 

being given to the management and levels of Nand K fertilizers. In this 

context, a study on "increasing the P use efficiency in banana cv. Nendran" 

was considered imperative to achieve the follo\ving objectives. 
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I. To study the pattern of P solubilisation from MRP under the influence 

or PB alld other inputs. 

II. To compare the influence of PH on the release of availahle II fllllll 

graded levels of MRP applied to hanana in the field. 

III. To study the influence of MRJ> applied along with PH on the growth 

and yield of banana. 

IV. To find out the possible extent of reduction in the lise of f"crtilizer P 

for banana when used in conjunction with 1'8. 

v. To identi fy the best plant part It1 banana as an index of P status with 

a bearing on yield. 

It is hoped that the results from the study will enlighten on these 

aspects, based on which J> management strategies in banana cultivation can 

be improved. 



REVIEW OF 
LITERATURE 
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H.EVIEW OF LITEH.ATUI~E 

() 11 eo" I lie III aJ or Ie r 11111 y COil S II a i III S III 110 pIC a I so II SIS plio S P 110 Ill" 

deficiency resulting from low available P status in soil. 10\\ crop recovery 

of added P fertilizers due to chemical fixation in the soil coupled wilh Ihe 

unavailablity of native soil P which exists in both organic and inorganic - ~ ~ 

forms.The long term use of phosphatic- fertilisers and organic manures leads 

to the build up of insoluble phosphates which can become useful to crops 

under proper management. 

h)r all efficiellt P 1lI:lIlagelllellt, seH'la/ aglollOIlIIl'. rlleillical, alld 

biological methods are widely used. Use of biofertilisers or microbial 

inoculants to increase the efficiency of applied alld nati\l~ P sources is 

currently recognised and practiscd as an clTicienl mClhod of P managemcnt. 

Literature on the usc of sevcral types of hioagcnts and Ihc rcsullanl 

erfect on Incrcaslng P usc cfTicicncv in various crops in India and abroad 

are briefly revie\ved in this chapter. 

Development of P soilihilizin~ rnicrohbll clIltllrl'S 

Biofertilizers under the name 'Phosphobacterin- which contain the P 

so/ubilising bactcria, Bacillus /llt!,':!,uIITen'"ll "(II: JIlT O.\jI!WI ic 1I1l1_ isolated b\ 
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McnKina in (1950) "as commcrcially prcpalcd 011 a pcat basc ill thc rOrllll'l 

USSR. This was widely used in the collectivc hnms of USSR for sced alld 

soil inoculation lor several crops and \.vas reported to give increase in crop 

yields by 5-10%. 

The effectIveness of phosphobactcrill has becll IIlvcstlgated bv st;rlr 

or thc lJS Ikpartlllcllt or Agrrculturc. allJ thcy reportcJ that tile culture can 

readily decompose organic phosphates like glycerophosphates. It was also 

found that the yielJ of tomatoes grown In grccn housc "as increascd b\ 

7.5%. Ilowever, there was no increase III the yield of wheat and neither 

total P uptake nor phosphorus concentration was reported to be favourably 

influenced by phospllObacterin (Tisdale el al.. 1(75). 

Introduction of PS microbial cultures in India 

Phosphobacterin culture was introduced in India by IAR!. New Lklhi. 

In 1959 and the first field trial \\lith the imported material \\as conducted in 

wheat durillg 19IJ()-() I hy I{ao alld associatcs (Rao e/ of.. I ()()3) Ilowl'\el. 

no significant increase in wheat yield due to inoculation \vas ohser'vcd. 

Subseljuently. sC'veral field trials with imported strains of P solubilislng 

microorganisms as well as with local isolates on various crops werc 

conducted by the Institute under different agro-climatic conditions in India. 

Results showed significant increasc III 'v icld ovcr lIninoculatcd control in tell 

out or thirty scvcn locations 



At present, efficient strains of hacteria like !)SI!UdOIllOIlOS and Hanllus 

SI'. as well. fungi like A,\p"I'J.{illll'<;, alld I'C'1I01l1llfll .\'/).. Cllllvl sl'pOirafl'ly III 

as a mixture have been cultured and used as inlll'ulanls fOI IIlllHmill1' P 

solubillsation. These commercIal cultures under various trade:4"names like 

"IARI Microphos", "Fosfo-24", "SuperpllOs" etc. arc now being made 

available to farmers through National Biofertilizcr Development Projects 

operating at difICrent Regional Centres, as well as by Agricultural Universities 

all over India. In addition, several private organisations are also active in 

the preparation and distribution of PS cultures to farmers . 

.. S o .. ~nnislll in soil 

Banik and Dey (1982) observed that PS bacteria out numbered PS 

actinomycetes and fungi in Indian soils. According to Kucey (J 983), PS 

bacteria and fungi constituted 0.5 and 0.1 per cent respectively of the general 

soil microbial population in Prairie soils with PS bacteria out numbering PS 

fungi two fold and one hundred and fifty fold. I Ie also found that most of 

the PS fungal isolates from Prairie soils were either species of !'ellicilliulJI 

or Aspelgil/lIs which shows that PS ability is not comillon to soil fungi in 

general. 

Venkateswarlu et al. (1984) detected the occurrence of PS organisms 

in desert soils of India and reported that they were present in varying numbers 

in these soils. But their population was relatively low as cOlllpared to other 
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tropical soils, probably because or high temperature and poor status vvith 

respect to organic matter and nitrogen. 

Thomas el al. (1985) round that PS rungi isolated from coconut 

plantation soils of Kerala belonged to the Aspelgilllls and Penicillillm genera 

and that the alluvial, laterite and clayey soils were found to contain more 

PS fungi than sandy soils. 

The occurrence of PSM in soils as reported by various scientists all 

over the world was reviewed by Kucey el 01., (1989). It is reported that 

PSM are present in almost all soils, although their numbers vary with the 

soil climate and history. 

Antarikanonda el al. (1990) isolated 102 P solublising microorganisms 

comprising 76 strains of fungi and 26 strains of bacteria. They found that 

fungi were more active in solubilising phosphate than bacteria. 

Yadav and Singh (199 I) studied the occurrence or PSM in a 

caki lIuent and reported that the population depend UPOII the content of 

organic matter in the soil. 

PS organisms in the rhizoSI)hcrc 

The increased availability of P to crop plants has been reported by 

various workers as due to the presence or P solubilising microorganisms 

in the rhizosphere soils. 
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subterranean clover, rye grass and wheat roots constituted 26 to 3<) per cellt 

of the total microbial population. 

Katznelson and Bose (1959) have observed that approximately one 

third of the bacteria from the rhizoplafl~ poss~ss~J P solubilisiflg 

abi lities. 

The number of dicalcium phosphate dissolving bacteria was rl!ported 

by Louw and Webley (1959) to be greater in the rhizosphere or oat plants 

than in the surrounding environment. A greater number of P dissolving 

bacteria in the rhizosphere of chick pea and mustard in comparison to non­

rhizosphere soi Is was also reported by Podyapolskaya (I ()60). 

Golebiowska el al. (1964) observed increasl!d P availability in the 

rhizosphere of lucerne due to' the presence of a higher number of bacteria 

and streptomyces. 

Chhonkar and Subba Rao (1967) isolated a few fUl1gi associatl!d with 

root nodules of leguminous plants which were capable of solubilising Tep. 

P solubilising bacteria like Bacillus megatheriul11, Bacillus subtilis, 

Bacillus brevis, Bacillus pulvifaciel1s and others were isolated by Paul and 

Sundera Rao (1971) from the rhizosphere of berseem and green gram. 
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The predominant group of inorganic P solubilising bacteria ill the 

rhizosphere of broad beans were identified by Mahmoud el af. (197 J) as 

spore formers and streptomyces. 

Khan allli Bhatnagar (1977) cOIH.:luded that there was 110 prel'erellllal 

effect of rhizospheric condition on the incidence of PS organisms, since the 

general rhizospheric microbial population also increased in proportion to the 

increase in the number of PS organisms. 

Khan ( 1977), while studying the soluhilisation of insoluble phosphates 

by microorganisms found that their Ilumber was greater in Ihe rhizosplJere 

than in the non rhizosphere soils. The rhizosphere of maize plants contained 

the maximum number of microorganisllls and among the rungi, A sperg ill liS 

niger and Penicillilllll sp. were found most active. But their ability to 

solubilise P varied with the type of rock phosphate obtained from different 

sources. 

Nair and Rao (1977) found that the rhizosphere of coconut and 

cacao were illhabited hy IlIallY P soluhilisillg haclella or lilt.: gelllls 

Pseudomonas and PS fungi of the genus Aspelgillus. They were able to 

solubilisc about 50 per cent IllOrgalllc P from illsoluble phosphates 

l3arthakur (1978) tested different fungi from the rhizosphere of rice 

for their capability to dissolve Fe-P, AI-P and Ca-P in a synthetic mediulll 

containing 5 mg P /50 Ill/. f Ie found that Aspergillus l1iger could produce 

on an average 2.18-2.60 Illg of water soluble P. 
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Ghazvinizadeh el a/. (1980) observed that the Illost active I'dissolving 

IlIll'Ioolgallislils III the rhizosphele soli or leltilised Illal/.e wele Hucll/lls 

megalllerilllli vaL I'II(}.\plwliculII and /focllIlIS cere liS. 

II has heen reported that rhlzosphenc l' solubllislng hacterla were 

more active than thosc isolated from non rhizosphcrc soils, (Baya el 01., 

1981) and even in the salt marsh and desert soils of Kuwait, the occurrence 

of acid producing PS bacteria was rcportcd (Diab and AI-(Jolinailll, I ()R4) 

Active population of PSM was reported in the rhizosphere of rye grass and 

wheat and PS bacteria of genus Bacillus, Pseudomonas and fungi of gcnus 

Aspergillus and PenicilliulIl were isolated from the rhizosphere o/" arecanut 

palms (Molla el aI., 1984 and 13opaiah, 1(85). 

Vlassak el a/. (1992) examined the hacterial population in dillerellt 

parts of the rhizosphere of nce and banana In Sri Lanka and found that the 

percentage of fluorescent bacteria was significantly greater in the rhizosphere 

of banana (10.8%). 

Narsian el 01. (1994) isolated 35 PS fungi from the rhil.osphere of 

24 crop plants. 

Organic I' mineralisation by soil microorganisms 

The main source of organic P compounds in soil is organic residues 

of plants alld animal excreta, where it is found mostly in three forms such 

as phytin, phospholipids and nucleic acids. ;\s early as in 1911. Dox and 
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(ioldcll idelltif'ied three species of' ,/.\,/It'I'},!.dIIlS willcil rOlltalilcd Ille l'lllylllC 

that can dephosphorylate phytill and release inorganic P. Sen and Paul (11.)57) 

reportcd thc mineralisation of' il:l'ithin by HaC/llus lII)'coi£ies alld Hacdills 

suhtilis. Szember ( 19(0) isolated soil microorganisms capahk of' hreaking 

dOWIl ll'cillJin 01" phylin whit·1J sl'I"vl'd as a good SOIlll'l: or I' 1'01 ,adish plallis 

under sterilised condition. 

Smith el al. (11.)61) found that a strain of Bacillus megatherium val'. 

phosphaticllIlI del'olll posed gl ycerophospha tes. 

Several workers have reported the mineralisation of organic P by 

bacteria such as Bacillus mycoides, Bacilllls cere liS. Bacillils megather/a. 

Aerobacter aerogenes, Pseudomonas jluorescens etc. (Duff et aI., 1963, 

Greaves et aI., 1963, .lanossy, 1963). 

Sethi and Subba Rao (1968) studied the ability of fungi of different 

species and found that Penicillilllll and Aspergilli wcre most al'livc in 

mineralising calcium phytate. 

GUlIr (1972) reported that calcium pllytate and lccilhinc in 

Pikovskaya's medium were rendered soluble by several sps. of Pseudolllonas. 

Penicilliulll and Aspergillus. 

Gaur et al. (1973) reported that the hacterial and fungal isolates 

obtaillcd f'rolll alluvial soils as \VclI as rock phosphate depOSits. 1l11llCIallscd 

calcium phytate more effectively and lecithin less effectively. 
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EL-Sawah et at. (1995) studied the effect of applying phytate 

biofcrtilizcrs to soil on the production of soluble phosphate. plant growth 

and Nand P uptake by maize. Water soluble phosphak released rrOlll phytlc 

acid, sodium phytate and calcium phytate by the action of tested bacteria, 

Pseudol1lolUlS sp., Hacil/us I1Icga/heriu", elc. were studied tlnd :Ifln two 

weeks of incubation at JO°C, Bacd/us sub/dis was identified as the most 

efficient strain in P mineralisation. 

Inorganic P solubilising microorganisms 

Solubilisntion of I)hosphntes in I)ure culture 

Solubilisation of inorganic P by microbes under pure culture 

conditions has been reported by several Russian workers (Menkina, 1<)50 

and Muromtsev, 1958). Solubilisation of precipitated calci um phosphate in 

agar medium has been used as the initial criterion for isolation and 

enumeration of P solubilising (PS) microorganisms. (Sperber, 1<)58, 

Katznelson and Bose, 1959). Organisms growing on such media are also 

able to solubilise P and produce a clear zone around them due to the 

soluhilistltioll of the rille 1)(lrlicles or calciullI phosphale. 

Moreau (1959) ohserved Ihal III a liquid IlIediullI cOlllailling Tel', 

the liheration or I' was done IIlaillly by bacteria alld ollly hy SOllie fUllgi 

isolated from forest soils. Most strains liberated about 3-17 (~() and sOllie 

strains solubilised as high as 20-40 % of the total P within about ten 

days. 
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A variation In the rate of P soluhilisation with various Inorganic P 

sources has been reporled. Ilowever, Luuw and Webley (llJS9) observed 

equal levels of solubilisation from tricalcium phosphate and hydroxyapatite 

in liquid media by PS organisms isoluted frolll the rhizospherc of oat plunts. 

(Joswami and Sen (1962) studied the solubilisation or leI' in liquid 

medium by Bacillus megatheriu1Il var. pllOsplwticlIlIl, and reported that 

maximum solubilisation of P under cultured conditions occurred within a 

week. Pseudomonas sp. isolated from Maharashtra soils could solubilise 

13-58% of TCP in liquid medium. (Ostwal and Bhide, 1972). 

Banik and Dey (1981) isolated species or Bacilllls, ,)'treplomyces, 

Aspergillus and Pellicillilllll from laterite soils and ohserved that TCP was 

solubiliscd to the lIla.\iIIlUIll extent followed by alullIllllUl1I alld 11011 

phosphates. Baeillis were round most active followed by I'l.'l1icillilllll and 

Aspergillus sp. Iron and aluminium phosphates also have been shown to be 

sulubilised in liquid media, but levels or J> released were less thall that 

released from calci um phosphate. 

Agnihotri (1970) studied the ability of fungi occurring in nursery seed 

beds to solubilise apatite and fluorapatite in solution culture. Khan and 

Bhatnagar (1977) observed that Aspergillus niger could soluhilise P frolll 

rock phosphate mined from eight di Berent sources. 

The results of investigation on the periodic solubilisation or f'erric 

and aluminium phosphates in liquid medium (Gaur and Gaind, 1983) showed 
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(IJilI IllilX1I1ll11l1 soluhilisalioll or alulllilliulII illld ilOIl phosplwlc h\ ,"'pt'/)!,IIIII,' 

(fIt'li/IIo('i was acllil:vl:J 011 llll: 1l:lIlh alld ckVl:lIlh Jays n:spccllvl:iy,Tltl: 

maXlll1lll11 amount of P2()s «(~o) rl:il:asl:d by I'SL'IIt/O/llOIIOS slrilllll, f'rolll 

dicalcium, tricalcium, AI and Fe phosphates were 30.8, 58.4, 24.0 and 

25.6 respectively. 

Thomas et al. (1985) found that the PS fungi isolated from coconut 

plantation soils of Kentla belonged to the ilsp{!I'r,illlls or 1)(,l1i('illill/ll genera, 

Narsian et al. (1993) studied the solubilisation of natural rock 

phosphate and pure insoluble inorganic phosphate by six strains of /Ispelp,illlls 

awamori and found that OCP is preferred by four strains and TCP by two 

strai ns. 

Thakkar et al. (1993) reported that Hl1Ierohacter aeror,cl1cs was the 

most effective Tep and RP solubiliser which liberated 80.7 and 20.6 Illg 

P20S respectively. 

Singh and Kapoor (1994) isolated 27 species of bacteria capable of 

producing clear zones of solubilisation on TCP plates from the rhizosphere 
, 

and non-rhizosphere soils under various crops in Ilissar, India. Thl:se were 

screened for solubilisation of Tep and MRP. Increasing level of glucose 

in the medium from I to 2% led to an increase in the degree or solubilisatioll 

of both Tep and MRP. The effect of incubation period varied depending 

upon the isolates and some isolates showed maximum solubilisation of TCP 

In seven days while in others, it increased lip to 15 davs. 
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Narsian el al. (1994), isolated PS fungi from the rhizosphere of 24 

plants from compost and garden soils using tricalciulll phosphate in 

Pikovskaya's medium. From these, eight fungi with highest PS activity were 

selected and tested against the natural sources of P (P fertilisers), dicalcium 

phosphate, AI-P, Fe-P, rock phosphate P (follr types) and bone meal. 

Aspergillus aeutaetus was best in solubilising tricalcium phosphate (94 °0) 

followed by dicalcium phosphate (54.5%) and /\1-1' (31.8 %). Iron phosphate 

was best solubilised (36.8%) by Aspergillus niger which also solubilised rock 

phosphate (56.6%) more effectively than bone meal. 

IIlmer and Schinner (1995) found that Perieillilll1l aurantiogriselll1l 

and Pseudolllollas species have high abilities in solubilising phospllillc 1'10111 

hydroxyapatite and brushite. 

I{ock Phosphntl' soluhilisntioll h)' PSI\I 

In India out of 259.47 million tonnes of rock phosphate estimated to 

be available, (Jaggi, 1989) only 15.3 million tonnes are of high grade and 

useful for the manufacture of comlllercial P fertilizers. The balance is of 

low grade, and can bel used as a direct and cheaper source of P 

fertilizer. Several RP dissolving microorganisms have been isolated and the 

research work done on the solubilisation of RP by PSM are reviewed here. 

Frolll studies 011 the solubility of rock phosphate in liquid mediulll 

with various mixed inoculants, Bromfield (1959) has shown that I' 
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solubility was dosely related to the magllitude or acidity produced ill the 

lIIediulII. 

On the other hand, Louw and Webley (1959) showed that many 

isolates which did not show any zone or solubilization 011 agar plates, 

released phosphate from rock phosphate which was inoculated in liquid 

medium. A similar observation was made by Ahmad and .Iha (1968) also. 

Meyer and Konig (1960) studied the effect of 24 strains of fungi 

and three strains of Streptomyces on the solubilisation or rock phosphate 

and reported that solubilisation of rock phosphalc proceeds through the 

utilisation of small amounts of initial P available in the medium followed by 

the use of soluble I' dissolved by organic acids secreted by the growing 

mycelia. 

Ahmad and Jha (1968) published results regarding the solubilisatioll 

of hydroxyapatite and rock phosphate by gram positive and gram negative 

rods, cocci shaped bacteria, fungi (Aspergillus, PellicilliUI11 and Rhi:opus) 

and species of Nocardia and Micl"Ol11ollospora. 

Gaur et al. (1973) tested the bacterial and fungal isolates obtained 

from rock phosphate mines for solubilisation or mineralisation or Tel', 

Mussorie, .Ihamarkotra and Maton rock phosphate as well as organic 

phosphates and found that among the isolates. Aspergillus carbol1lflll proved 

to be the best culture since it solubilised all the three types of phosphates 

tested. 
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Hardiya and Gaur (1974) isolated yeasts. fungi and bacteria from 

the rhizosphere of leguminous crops and soils of rock phosphate deposit area 

which were capable of soilihilising Mlissorie rock phosphate and reported 

that Scltll'lIIl/l/o/llyces occidellla/is, ,lspClglIllIs lIlI'lI/IIO!'i anu 1'(,IIICIIIIIIIII 

dixilallllll were better thall others ill rock phosphate soluhilisatioll. The illost 

efficient bacteria were identi ried as strains of Pseudomonas slriala. 

Khan and Hhatnagar (1977) identified Aspergillus l1iger and 

Penicillium sp. as better solubilisers of rock phosphate. 

The solubilisation of 32p tagged hydroxyapatite bv Pseudolllol1as 

slriala, Bacillus polymyxa and Aspergillus 1Ill'llmori \Vas studied ill liquid 

l1Iediul1I (;\rora and (jam 1l}7H). They have found that tile extenl of P 

solubilisation increased progressively and reached a maximum in the sixth 

week of incubation. 

The microbial solubilisation of rock phosphates of varying origin 

was investigated in liquid medium by Singh el al. (1984) and the results 

showed that Pseudolllonas striata solubilised Jordan rock phosphate to a 

maximum extent followed ,by the rock phosphates of Jhabua. Mussorie and 

Udaipur. 

Gupta et £II. (1993) assessed the ability of Bacillus Iichel1iformis to 

solubilise inorganic phosphates and low grade Indian rock phosphate in broth 

culture In a sanuy loam soil. The results indicateu that Bacillus lichenijc)rlllis 

was able to solubilise rock phosphate in soil and thus had potential for 
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improving soi I phosphorus levels. Singlll el 01. (1994) have reported that 

Aspergillus Jupollollicus and Aspergillus foc/ida were able to solubilise five 

types of rock phosphates at pH 8 and 9. 

Mechanism of P solubilisation 

Sperber (1958) and Katznelson and Bose (1959) have reported that 

the P solubilising ability of PS organims is due to the excretion of organil.: 

acids which directly dissolvcd inorganic phosphatic materials or by chelation 

of the cationic partners of the J> ion. 

Analysis of culture nitrates of pure isolates of PS microorganisms 

by several scientists has revcaled the presence of a number of organic acids 

like lactic, glycolic, citric, keto gluconic, malic, oxalic, malonic, tartaric 

and succinic acids. All these acids have chelating properties and serve as 

active componcnts in promoti'1g P solubilisation (Louw and Weblcy, 1959~ 

Duff et al., 1963; Taha et al., 1969 and Banik and Dey, 1981). 

Duff el al. (1963) observed that 2 - keto gluconic Hl.:id produl.:cd by 

several PS bacteria and fuhgi released several phosphates and silicates in 

solution. 

Gaur et al. (1973) and Khan and Bhatnagar (1977) have reported 

that the organic acids produ(;ed by Aspergillus curballUIll and Aspergillus 

awamori can lower the pH of the medium to 2.7 and 3.8 respectively. 
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Moghimi and Tate (1978) have opined that upto 10 (l.,!) of the root 

exudates released into the rhizosphere of a plant may be converted to keto 

gluconate by the PS organisms, the main function of 2 - keto gluconic acid 

being to serve as a source or II ions 111 the dissolution of calciullI 

phosphate. 

The quantity of organic acids produced by the PS organIsms has 

been reported in some cases to be equal to more than 5 ~'o of the 

carbohydrates consullled by them (Banik and Dey, I ()R2). 

The capacity of PS organIsms to produce effective chelatlllg 

materials in a microenvironment such as In the immediate vicinity of rock 

phosphate or phosphatic materials or ill the rhiz(lsphcrc has hecll Iloted hy 

Moghimi et 01. (1978) and Tinker (1980). According to KlIcey (1988), 

under these conditions, P could be solubilised and be present in an available 

form in concentrations sufficient to be plant available. 

Penicillium hilaji has been reported (Asea el al .. 1988) to be able 

to release more soluble P from Idaho rock phosphate than that released by 

the additiona of O. I N He,1 to achieve equivalent media pll levels. 

In vitro evaluation of the cultures of Bacillus, Psuedolllollas, 

Pell~'iIliulll and Aspergillus sp. by Venkateswarlu el 01. (1984) has showll 

that J> released by these organisms was associated with the production of 

organic acids like lactic, glycolic and succinic acid in the media. 
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Klicey ('/ al. (19X9) were or the OP'II'OII that the ahllity or I'S 

IIIh':lOorgalllsllls appears to be lIIanifested \'/(/ lIIec/JanlslIls other than Stllct 

acidification of the surrounding ellvironment. This view is supported by a 

lack of corrciation between the ability to reduce media pll alld ahilily or 

the isolates to solubilise P as observed by Chhonkar and Subba Rao (1967), 

Gaur el al. (1973) and Surange (1985). 

IIlmer and Schillller (1992) reported that no direct contact between 

the PS organisms and insoluble phosphate was necessary for elTcctive 

solubilisation. The P concentration In a solution did not increase 

according to a sigmoid type.! curve sugge.!sling Ihal slImpling lillie IS or 

particular importance for estimating P mobilisation. They conceived the most 

probable reason for P solubilisation without acid production as the release 

of protons accompanying respiration or NI 14 -+ assimi lation by the concerned 

orgalllsms. 

Kumar and Dube (1993) studied the production of siderophores by a 

plant growth promoting fluorescent Pseudomonas. Siderophores are reported 

to be iron chelating compounds secreted by bacteria on or around the roots 

IIl1d lilTed tile glowtll 0(' till' plallts Till' Stllllli \\'IIS Isolllll'd 110111 till' 

rhizoplane of tomato and it produced siderophores in succinate medium 

deficient in iron. They have reported that the study of siderophore production 

by RI1T 13 is highly significant because this strain showed potentiality to 

enhance plant growth which was due to the siderophorc production. 
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1IIIIIer el til, (Il)l))) have also staled that whik ,hl)(,/)!,IIlu.\ /1I}!.t'/' 

produced citrate, oxalate and gluconate, the other species of /IS 

microorganisms did not produce any organic acids in delectable amollnts. 

This was considered as an indication of the lack of correlation between 

production of organic acids and solubilisation of aluminium phosphate, They 

re affirmed the view that proton excretion accompanying NI14 / assimilation 

is the most probable explanation for microbial solubilisation without acid 

production, 

Rolc of PS organisms in incr'casing P a\'ailability in soils 

Bajpai and Sundar-a Rao (1971) conducted soil inoclIlatlOn studies in 

the laboratory with super phosphate and apatite with and without FYM using 

Bacil/lls megalherilllll vaL phosphaliclIlII and Hocil/lls circlllans. They fOllnd 

that in sterilised soils, introduction of the organisms increased the available 

P20S' 

Rangasall1Y and Morachan (llJ74) n:ported that application of 

phosphobacterin increased the available P content in soil. The P content in 

the crop was found to be h'ighly influenced by phosphobacterin at all stages 

or growth. 

Banik and Dey (1981) obtained higher levels of available P in soils 

to which FYM, rock phosphate and PS isolates like /Jacil/lfs, S'replOlIlyces, 

Penieil/illlll and Aspery,il/lls species were added. 



24 

Tile level or Na IICUI extlactable I' ill so" was l(lulld to IIH:ICaSC 

after the addition of Fenicillilllll hih~/i both with and without rock phosphate 

(Kucey, 1(88). 

The use of P solubilising culture alone or in combination with 

phosphatic fertilizers in rice has been reported (MollOd el 01.. 1l)89) to 

increase the root CEC and available P in soils and P uptake in rice.Usc of P 

solubilising culture alone produced 1.3 times increase in the root eFe during 

the period from maximulll tillering stage to maturity. The beneficial effects 

of P sol ubI ising organisms on thesc parametcrs were greater with rock 

phosphate than with single super phosphate. The culture increaseJ the I' 

release efficiency of rock phosphate and made it equivalent to single super 

phsophatc with respect to avialable P status in soil. 

In a pot culture experiment with jute, Banik et 01 .. (1989), tested the 

eflect of inoculation of two strains of PS bacteria, and obscrved that available 

phosphorus from rock phosphate increased to a maximum aner thirty Jays 

of crop growth and declined after 120 days. 

From the results or,a laboratory experiment conducted to test whether 

phosphorus dissolving fungi are capable of increasing the amount of available 

P in a calcareous soil treated \vith rock phosphate or TSP and irs subsequcnt 

uptake by sorghum, Salih et al. (1989) reported that Penicillium sp. and two 

Asper~ilills sp. significantly increased the availahilit~· of P in soil during the 

growIng season. The dry matter content and P uptake were hetter in soil 
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treated with rock phosphate and inoculated with these rungi Positive and 

signiricant correlation coefficients between available 1', I' uptake and tllv 

maller production at different periods of growing season were observed 

following inoculation. 

Patgiri and Bezhauruah (1990) have reported that out of the 46 strains 

of aerobic heterotrophic bacteria isolated from tea soils of Assam, Bacillus 

sr. and Pseudomol1as sr. rossesed significant P solubilising and phosphatase 

activity. Inm:ulalion increased the available phosphorus content or soil dllflng 

a 22 day period in the presence or absence of leaf litter or SSP. 

Heggo and Barakah (1993) observed that the available P status In 

a calcareous soil increased significantly through the application of MRP and 

superphosphate in combination with P dissolving bacteria or YAM inoculants. 

A very high level of available P was reported in the rhizosphere 

soil (Datta and 8anik, 1(94) when Bacillus jirmus was applied along with 

poultry manure and Mussorie rock phosphate to rice in an acid sandy clay 

loam soil of Lembucherra, Tripura. 

Effect of PS organisms on P uptake of crops 

A number of reports arc available to affirm that inoculation of PS 

organisms promoted P uptake of crops. Kavimandan and Ciaur (1971) 

reported that inoculation or PlJ13 increased P uptake and yield or maize. 

From a study conducted to evaluate the effect of seed treatment of bengal 
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gram with Haeil/us eirculal1s on J> uptake, Subramaniam and Purushothalllan 

( I t)7i~) reponed that the crop 

nllnl/II.\' circlIllIlI.\'. 

absorlll:d JIIore I' after illoculatloll with 

The results of a pot experiment conducted by Osman (1975) indicated 

that P uptake in sudan grass was increased due to inoculation with P 

dissolving bacteria. They have also reported that combined inoculation and 

fertilization had the greatest effect, although inoculation decreased the 

proportion of plant P that was derived from the fertilizer. 

Similarly, Gaur et al. (1980) reported on increase in gro\vth and P 

uptake by wheat in response to addition of rock phosphate and PSM cultures 

consisting of I)SCut/olllol1as slriala alld Ihpe,.gilllf.\' (/\1'{/IIIO,.i 

Asea et al. (1988) using 32J> isotope dilution method found that wlleal 

when inoculated with Pel1ieil/iulII hilaji was able to obtain 18 per cent 01" Its 

P from sources unavailable to the uninoculated plants and was also able to 

solubilise added rock phosphate. 

Dry matter production and J> uptake in wheat has been reported 

(Kucey, 1(88) to increase under field and green house conditions in response 

to Penicil/ium bilaji inoculation in the absence of added rock phosphate and 

addition of rock phosphate resulted in a further increase in dry matter 

production. Vaishya et al. (1996) have reported that the use of PSM along 

with RP for bengal gram in a vertisol resulted in a significantly higher P 

uptake. 
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Crop rcsponsc to P Biol'l'rtililcrs 

Inoculation of seedlings with PS organisms resulting in increased 

uptakl.! of P and crop yields was first shown in 1948 by Gl.!rretSl.!1l in the 

USSR. Since then, the beneficial inlluence',of artificial inoculation with PS 

organisms has been reported hy many for different crops under diverse a'gro 

dimatic conditions, 

Response in cereals 

8ajpai (1965), uSIng radio active isotope 32p conducted pot 

experiments to examine the effect of phosphobacterin and /Jueillus e[reulons 

on the uptake of P from super phosphate and apatite by wheat and cowpea. 

The results showed that the percentage of P uptake by the wheat crop was 

significantly greater from super phosphate in the presence of FYM and 

ammonium suplhate. The results obtained with cowpea also showed that 

the hacteria were effective in augmenting P uptake from either source of 

phosphorus when the soil was amended with FYM. In the absence of FYM, 

Bacillus eireufans was not found effective. 

Taha <:1 01. (1969) dl.!ll1onstratl.!d that inoculating soil with phosphate 

dissolving microorganisms increased the P uptake and yield of wheat and 

broad beans gro\vn in Egyptian soils. From the results of a green house 

experiment in barley, these authors have reported that inoculation with 

Baeilllls megatherillm increased plant weight, P uptake and P concentration 

in plant tissues. 
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According to Sharma and Singh (1971), combined use of 

phosphobacterin along with bonemeal in a sandy loam soil improved the grain 

yield of rice as well as Nand P content when compared to the application 

of N in combination with bone meal. The sallle authors also cOIHJucled field 

trials with maize and concluded that phosphobacterin culture enhanced the 

efficiency of phosphatic fertilizers particularly super phosphate. 

The response of rainfed sorghulll to phosphobacterin with and without 

Nand P was studied in TNAU, Coimbatore and Rangasamy (1972) has 

reported that phosphobacterin increased plant height, girth, root wcight 

and uptake or I' alld K at all stages or growth of the crop 

Vinayak and Patil (1l)7X) observed better root development ill COli!, 

cabbage, millet and oats and reported 33 % increase in yield of tomato 

due to combined inoculation phosphobacterin and Azotobacter sp. 

A significant increase in grain yield of wheat was obtained in field 

conditions at Pura farm in Kanpur, v,,·hen rock phosphate was applied to 

soil and seeds were inoculated with Pseudomonas striata (Gaur et al., 1980). 

They have reported the response of the crop to nacterial inoculation as 

equivalent to 50 kg P20S ha- I. 

Datta et al. (1982) conducted field experiments In acid soils of 

Nagaland cultivated to rice by using a super strain of Hacillus jtmws (NCIM-

2636) producing a phyto hormone Indolc-3- acetic acid. in addition to its 
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high ability to solubilise insoluble inorganic phosphate. They have reported 

that the yield or ricc in hoth years increased sipnricanllv dlle 10 haclerial 

inuculation. Similar yield increase and P uptake in the case of callula 

(Brassica nupus. L). field beans and wheat have been reported by Kucey 

( 1987) and Kucey and Leggette (1989). 

The positive effect of P solubilising organisms (Pseudomonas striata 

and Hacillus po/ymyxa) un yield components. yield and N uptake by rice in 

laterite soil under field conditions was evaluated in Maharashtra during 1<)86. 

Based on the data Mohod et 01. (1989) revealed that the use of J> solubilising 

culture significantly increased the number of grains per panicle, weight of 

1000 grains, grain weight per panicle, grain yield, straw yield and nitrogen 

uptake in rice and the beneficial effects were greater With rock phosphate 

than SSP. 

From the studies at three sites in Manitoba, Canada)Chambers and 

Yeomans (1990) showed that inoculation with a J> sol ubi ising urganism, 

(Pellcilliu11l hilaji) in absence of fertilization resulted in an increase of wheat 

grain yield of about 100 kg ha- I . 

Gaur (19<)0) conducted field trials with 'micropllOs' cultures in wheat 

during I <)79-84. lie has reported that the grain yield was significantly 

increased (3070 kg/ha) due to inoculation of seed with Pseudomonas striata, 

Bacillus po(vmyxa and Aspergillus ulI'umori as compared to un inoculated 
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control (2650 kg/ha). The P uptake was also augmented due to the lise or 

inoculants. 

Uaur (1990) has summarised the response of wheat to carner based 

Pseudomonas striata culture under field conditions and the results showed 

the favourable effect of the culture in augmenting yield. 1\ great response 

of the crop to seed inoculation hoth with and without phosphatic fertilizers 

was also evident. 

Hnatowich et 01. (1990) evaluated the effect of Penicillium bilaji at 

38 locations across three Canadian Prairie provinces in 1988 and 1989 and 

n:ported that seed inoculation with Penicillium bilaji in the absence or I' 

fertilizers gave an average increase in yield of 76 kg wheat per hectare. 

Ilowever. vield response 10 PenicilliulII hi/aji declined willi lilt' liSt' or P 

ft'l IIII /. t' I . 

From the results of a green house study in Egypt during 1985-86, 

Sabcr and Kabesh (1990) reported that fcrtilizing lentil~' plants with increasing 

rates of rock phosphate in association with either sulphur or P biofertilizcrs 

increased dry weight and nutrient uptake. They found that both treatments 

mobilised the fixed phosphate in the soil to a forlll available to the lentil 

plants. 

Rachewad et al. (1991) have reported that seed inoculation with 

Bacillus polymyxa and / or 75 kg P l1a- 1 increased the biomass production 
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amJ P cOlltellt 111 Illal/.e growlI ill a P deflclellt soil cOlllpa,ed to tile Ulltrealed 

control. 

Ralhore el al. (1992) conducted field trials during 1985-tH) using 

lentils inoculated with Hacilllls lIlegalherilllll and reported that seed 

inoculation significantly increased yield over the uninoculated control. 

Datta et al. (1992) studied the effect of Bacillus !irl11us on rice in 

Tripuru during 1989-90 and concluded that B. jirlllus in cOllIbination with 

MRP and poultry manure served as an excellant biofertilizer superior to SSP 

in acid soils. Similar results in rice have been reported by Oatta and Banik 

( J 994) also. 

Sushama et a1. (1993) used different sources of P such as SSP, M RP, 

partially acidulated RP and MRP along with PS fungi in rice and reported 

that the grain yield was highest with MRP and fungi when applied in 

conjunction with green manure or FYM. The fertilizer use efficiency \vas 

highest for the combination of MRP and fungi with green manure indicating 

that MRP is a better alternative to other expensive WSP source for lise in 

coastal laterites. 

(Joos el a1. (1994) have reported that in the absence or P krtilil.ation. 

/'el1icilliulII hi!t~ji inoculation illcreased the grain yidd in spri/lg wheat by 

an average of 6() kg l1a- l. 
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Hcgde and Dwivedi (1994) reviewed the field studies carried out 

under ICAR during 1969 - 71 and reported significant effect or inoculation 

with Bacil/lls megatherilll1l and Bacil/us circulans in rice and wheat which 

was equivalent to the yield increase obtained with the usc of 50 kg 

P20 5 ha- I. 

From field experiments with soybean in a Vertisol, Dubey (1996) has 

reported that total dry matter, P content in different plant parts at various 

stages and yield increased with the use of Pseudomonas striata either alone 

or in conjunction with SSP and M RP. 

Response in pulses 

Kabesh (1957) reported that P uptake was significantly increased by 

inoculation with PDB and P fertilization either singly or in combination. 

Application of POB, SSP or basic slag alone increased P uptake (%) by 

14.3, 19.1 and 6.7 over the control treatment while the combined application 

of PDB and P fertilizers raised P uptake by 44. 1%. 

Uajpai and Sundara Rao ( 1971 ) conductcd pot culturc expcrilllcllts 

in cow pea using SSP and apatite with and without FYM using Bacillus sp. 

It was seen that under specific conditions, these organisms increased crop 

yield, P as well as nitrogen uptake. This finding was further supported 

from the data in a field trial on a soil with low available P status. 
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Yousry et al. (1978) and Patil el al. (1979) have obtained 

significantly higher dry matter and yield of cowpea when inoculated \vlth 

phosphobacterin compared to an lIninoclllatcd control. Inoculatioll or rava 

bean with Bacillus l11egathel'iul1l var. phosplwtiClll1l was reported by 

Khalafallah el al. (1982) to have resulted in increased plant weight, P 

uptake and P concentration. 

In a pot experiment to study the effect of PS fungi 011 the 

availability of P from RP on the growth of chick pea, Rasal el al. (1988) 

noticed that inoculation with Aspergillus awall1ol'i increased the availability 

of P in soil leading to a significant improvement in nodulation. 

Dubey and Billore (ItJtJ2) reported that microbial inoculation and 

fertilisation of P and their interaction significantly innuenced grain and straw 

yield of chickpea. Favourable effect of P. striata on chickpea has been 

reported by Prabhakar and Saraf (1990) and Kumar el al. (1993). Inoculation 

with P solubilising bacteria alone as well as with either rhizobia or YAM in 

sub tropical acid soils or China increased peanut yidd to 20 - 73°0 as evident 

from field trials conducted by Chiu-Chung- Young (1994). 

Podile (ItJ95) reported the effect of seed baclerisation of pigeon 

pea with Bacillus subtilis in enhancing the percentage emergence of seedlings. 

Sri vastha va and Ah la wat (19tJ 5) have a I so con fi rmed that seed 

inoculation with rhizobium or PS13 alone or In combination resulted ill a 
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COI1SPICLIOLIS il1crease ill lIodulatiol1, lIitlogellase acll\'Il\, growth, \Icld, 

and nutrient uptake by cowpea over uninoculated control. 

Viswambaran (1995) has reported that the use of 100% P as RP along 

with VAM and PH resulted in the highest available P content in cowpea 

(vaL C-152) in a redloam soil and the combined application of VAM and 

PB was found to be better than the individual application or either VAM or 

PB. 

Response in other crops 

Several crops have been reported to show positive response to the 

use of PB organisms alone and in combination with VAM. 

Increase in crop yield of tomato due to inoculation with 

phospho bacterin has been reported by Rao and Sinha (1963). Kundu and 

Gaur (1980) stated that the combined inoculation or Bacillus polymyxa and 

Pseudomonas striata on potato increased the yield upto 35.2 (~() and P uptake 

over individual inoculation. 

Chang and Young (1994) showed that incoulation of tea cuttings with 

P solubilising bacteria or VAM resulted in an enhanced grO\vth of seedlings. 

The response of biofertilizers to forage and fodder crops was studied 

by Ilazra (1994) and he reported tilat rhosphobacterised seeds produced 
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31% yield increase in oats. In another study he observed that seeds coated 

with /lacilllls I'0/ymyxa gave higher forage YIc!U thall 11011 hacterlseu secus. 

Huggag et 01. (1994) have conducted pot experimcnts to study the P 

cOlllcnt alld dry matler of (ill:lv:I seedlings inocillated with I'hosphollne and 

reported an increased P uptake and dry matter compared to un inoculated 

seedlings. Phosphorin culture was found to be more effective in increasing 

available P supply to seedlings. 

From the results of a field experiment with sugurcunc u sunuy luum 

soil with high available f> in Talllil Nauu, Kathiresan el al. (IYYS) havc 

reported that soil inoculation with phosphohacterin (10 kg/hal increaseu canc 

yield and it's quality. Application of 31.5 kg P20S + soil inoculation with 

PB gave similar cane yield as the application of 63 kg (>20S' 

Role of P in the nutrition of banana 

A review of the research work conducted in the KAU reveals that 

although mllch work has been done on rock phosphate fertilisatioll or rice 

anu other vegetable crops: systematic stuuies on increasing the efficiency 

of this fertilizer for banana CV. Nendran has not so far been undertaken. 

There is a general agreement among the scientists that whell lIsed ill 

combination with readily decomposable organic residues, rock phosphate 

increases the yield of crops much more than rock phosphate alolle. 
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Pillai el al. (1977) in an experiment to study the response of banana 

cv. Nendran to different levels of N, P and K have reported that the effect 

! due to P was positive upto 114 g plant on the number of fruits and it showed 

a declining trend beyond that level. 

According to Shankar (1980), the bunch weight in banana was 

influenced significantly by Nand P application. 

Mathew (1980) has observed that the uptake of P by banana cv. 

Palayankodan was high both at shooting and harvest stages and the uptake 

of P increased with the advancement of growth of plants. He has also 

reported that as in the case of N, P uptake was more in the vegetative 

phase of the crop and its content was more promincnt in thc lamina. 

Sheela (1982) in a study on rainfed banana cv. Palayankodan has 

reported that the uptake of P continued to increase through out the crop 

growth and Lh~ maximum uptake of P was rl!cordl!d durillg till! pl!riod bl!twel!11 

Jate vegetative phase and shooting. It was also observed that the content of 

P was maximum in the lamina at early and late vegetative phase and also at 

shooting. 

Chathopadhyay and Bose (1986) coducted studies with banana cv. 

Giant Governor, with 0, 120 and 240 g N: 0, 45 and 90 g P and U, 240 and 

480 g K plant- 1 and reported that application of these nutrients significantly 

increased the plant height, girth, leaf number and sucker production. 
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From studies on the nutritional requirement of banana (Nendran) 

under rice fallows Geetha (1988) has concluded that a treatment combination 

of 400 g N, 100 g P 205 and 600 g K20 planr I appl ied in six equal 

splits gave the best yield and maximum net profit. 

Natesh (1987) studied the effect of split application of fertilizers in 

bunana cv. Ne/ldra/l and reported maximulll hUllch weight of II. I J kg ('or 

plants treated with 140 kg Pl)'i plant-I in two splits. 

From studies conducted at the College of Agriculture, Vellayani 

(KAt] Research Reports, 19H7-1 l)l)()) using tvlussoOlie ilnd 1~i1.iasthiln rod 

phosphates in comparison with superphosphate for different crops, no 

significant difference between different sources of phosphorus has been 

observed indicating that these indigenous rock phosphates can substitute 

superphosphate as a source of phsophorus. 

Ray el at. (1988) reported that increased levels of P reflected in an 

increased content of P in leaves and a leaf content or O.52(~;, P at shooting 

was considered as a good indication for good productivity. 

Sheeja (1990) has reported that when different phosphatic fertilizers 

were applied to banana, there was no significant variation in the uptake 

of phsophorus and the erfect or superphosphate and rockphosphute were 011 

par. 
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1,111 :llItI 1'0\ (IIIII}) ~llId Il'd 111\' :11'.111111111111' 1'1 It't'/' \\'lIt",', III I III t't' 

Illd. pllospllllll:S (ldnllO, 1·lollda alld NOIIII ('alolllla) as IIIIIIIl:IICcd h~ 

mycorrhizal illoculation with (1/011105 aggregallllll using small banana (t\lII.W 

paradiciaca. L.) and found that plant dry weight, P% in the third leaf alld 

total P uptake were increased in the plants fertilized with insoluble RP and 

inoculated with mycorrhizae fungi. 

Prema (1992) observed that at the time or shooting alld harvest, the 

P% in leaf was found positively correlated with vegetative characters. At 

the time of shooting, a positive correlation was obeserved between available 

P and P content of leaf. She has also reported that there was a positive 

correlation between available P and height of plants at the time of harvest. 

P content in leaf 

Ashok kumar (1977) reported that thi" leaf concentration of P at 

shooting ranged from 0.1 J - 0.37% in Robusta banana. Ramirez el 01. 

(1978) analysed the first and third leaf of Dwarf Cavendish banana at various 

stages of growth viz., before flowering and at bunch formation and found 

that the concentration of P was lower in the third leaf than in the first leaf 

and was occasionally below 0.19 %. 

Bala krishnan (1980) reported that the distribution pattern of P in 

different parts of the plant was similar over different sites in Robusta banana. 
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At all stages, kaves and pseudostem contained suhstantial amount of P, 

whi Ie at vegetative phase, corm contained maximum P. 

Krishnan and Shanmughavelu (1980) in a study on the water 

requirement of banana, analysed leaf nutrient concentration and total uptake 

of nutrients and observed that the critical leaf concentration of N, P and K 

ran g e d at s h 0 0 tin g fr 0 m 2 . 3 2 - 2. 44, O. 22 - O. 25 and 3. 9 7 - 4. 1 9 % 

respectively. 

Mathew ( 1(80) observed that P content in the third leaf at shooting 

ranged from 0.14 - 0.17 % in palayankodan. Turner ( 1(80) suggested that 

the /lowering stage is the best for sampling in leaf anlysis. 

The petiole, midrib and lamina of fully opened leaf in position III 

of banana has been adopted as the lnternational Standard for testing mineral 

elements in non /lowering banana and banana in flower (Prevel, 1986). 



MATERIALS 
AND METHODS 
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MATERIALS AND METHODS 

In c reus i n g ph os ph 0 r u sus c c f,.i c j e n c y i 11 b u 11 U Jl U by tile usc 0 f 

p/lOsphubacterin (PB) culture was evaluated by conducting a laboratory 

incubation study and a field experiment at the Farming System Research 

Station, Kottarakkara during the period 1993-96. The materials used and 

the methods followed for the studies are described in this chapter. 

Incubation study 

The effect of PH inoculation un the solubilisation of phosphorus from 

Mussorie rock phosphate (MRP) and the maintenance of available P status 

in soil was monitored by carrying out an incubation study using five kg soil 

from the experimental field of the FSRS, Kottarakkara. Details of the 

experiment are given below: 

Design Completely Randomised Design 

Treatments 7 

Replications 3 
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Treatments Notation 

Soil alone T I 

Soil + MRP to get 100 ppm P T2 

Soil + PB in (4 g pot-I) T 3 

Soil + FYM (50g poC I ) T 4 

Soil + MRP + PB Ts 

Soil + MRP + FYM + PH T 6 

Soil + MRP + FYM T 7 

The soil after thoroughly mixing with the different materials was 

incubated in plastic containers at a moisture content of 60 % water holding 

capacity for a continllolls period of 90 days. 

Chemical analysis of soil 

Soil samples were collected for analysis from the incubated soil after 

3, 6, 8, 10, 15, 20, 25, 30, 45, 60, 75 and 90 days. The moisture 

content, pH and avai lable P content of the samples were estimated. 
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I\llthl"n' l'u"It',,1 

To l'stllilak tire I"oistllie L:Ollrcllt, S g sod sllll'pk \VilS lilI-l'll '" a 

previously weighed porL:ciein dish and dried III all electric oven at 105°C. 

cooled and weighed. The loss in weight was calculated as the percentage 

of moisture of the sample. 

pH 

pH of the sample was measured in the freshly collectcd soil samplcs 

using a pH meter (I : 2.5 soil- water ratio) 

Avnilahll' phosphorus 

Thc wcight of soil to bc takcn for analysis n.t each interval was 

deterlllined based on its Illoisture status. Available P was extracted With 

Bray No. I reagent (Jackson, 1973) and the blue colour developed in IIel 

system was measured in a photoelectric colorimeter and P content calculated. 

Field experiment 

Experiment site Jllld soil 

The field experiment was laid out in Area II of the FSRS, 

Kotlarakkara. Cieographica/ly the area is situated at 9° f()' Nortlt latitude 

and 76° 37' East longitude and at an altitude of 91.44 M above MSL. 
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Soil 

Soil of the experiment site belongs to the taxonomical class Plinthic 

Kandiustult. On fertility basis it was high in organic carbon, medium in 

availahle N and low in availahle P and K. The soil reactioll was acidic and 

the electrical cOllductivity or the soil solutioll was within safe limits. The 

important physico-chemical properties of the soil are presented below 

Table I. Physio-chemical properties of soil 

Physical properties 

I. Apparent specific gravity 1.00 g-clI13 

2. Absolute specific gravity 1.8l) g-clI13 

3. Maximum water holding capacity 43.no 

4. Pore space 

5. Mechanical analysis 

Coarse sand 42.00 ~o 

Fine sand 9.50 ~/O 

Silt 13.00 (j. 
,(j 

Clay 35.35 () 
,II 



Chemical properties 

I. pll (WUIl'I) 

) 1,.(' 

3. Organic carbon 

4. CEC 

5. Total N 

6. Total P 

7. Total K 

8. Available N 

9. Available P 

10. Available K 

II. Exchangeable bases 

K 

Na 

Ca 

Mg 

/2. Percent Base Saturation 

13. P fixing capacity 

14. Total sesqui oxides 

0.91% 

3.9 C mol-kg 

0.052% 

0.180% 

280 kg ha- I 

0.21 kg l1a- 1 

71.68kg l1a- 1 

(me-IOOg soil) 

0.007 

0.060 

0.125 

0.0/8 

5.27 

47.IP% 

27.51% 

44 
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Layout of the experiment 

Design Randomised Block Design 

Treatments 9 

Replication 3 

Variety Banana cv. Ncndran 

Plot size Pits of size 50 x 50 x 50 cm at a spacing of 2 

x 2 m 

No. of plants per / plot - 10 

Treatments Nolal iOIl 

NI'l\. to supply IlJ() g N I 115 g 1'2 ()~ .jJ()() g 

K20 + FYM + mulch (POP recommendation) 

NPK to supply 190 g N t 3/4 P t 300 g K20 t 

FYM + mulch 

N PK to supply 190 g N + 112 P + 300 g K20 t­

FYM + mulch 

NPK to supply 190 g N + 3/4 P + 300 g K20 + 

Phosphobacterill + FYM + mulch 

T I 

T 2 

T 3 

T 4 



Treatments 

• 

NPK to supply 1<)0 g NI 1/2 P -I 300 g K2U I­

Phosphobacterin + FYM + mulch 

N PK to supply 190 g N + 3/4 P + 300 g K20 I-

PllOspllObaderin I mulch 

NPK to supply 190 g N -I 1/2 P + 300 g KzC)t 

Phosphobacterin + mulch 

N PK to supply 1<)0 g Nt 3/4 P ~ 300 g K2()t 

Phosphobacterin + FYM 

NPK to supply 190 g N + 112 P + 300 g K20 + 

Phosphobacterin + FYM 

N otat ion 

T 
" 

T 7 

T R 

The layout plan or the experilJlent is presented ill fig. I. 
I 

\Vcathcr paramctcr"s 
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The major weather parameters during the season were monitored 

(Fig. 2 and !\ppendix I). 
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RII 001 T7 RIll 

~[EJI T4 00000 10 plants per plot 
00000 

Fig. 1. Layout plan of the experiment 
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Season 

M a x i IllLJ III te III pera t lire 

Minimum temperature 

Relative humidity 

Total rainfall 

27.8 to 34.0oC 

15.4 to 17. 7°C 

53 - 90 % 

o - 432 mm 
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The period of crop growth was from January 1994 to November 1994. 

Planting materials 

Three months old, disease free suckers obtained from farmers field 

at Kottarakkara were selected for planting. The rhizomes were dipped in 

cow dung slurry, smeared with 0.2% HCH and wood ash, dried in the sun 

for four days and stored for 15 days in shade before planting. 

Planting 

The rhizomes were planted in pits of 50 x 50 x 50 cm at a spacing 

of 2 x 2 m during January 1994. 

Liming 

Burnt lime @ 500 g plant-I was applied in the pits two weeks before 

the application of fertilizers. 
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Fertilizer application 

Nitrogen was applied as Urea (45 % N), Phosphorus applied as 

Mussorie rock phosphate analysing 0.059% citrate soluble P20~ and 20.1 % 

total 1'2°5 and potassium as Muriate of Potash(60 % K2(). FYM analysing 

0.5% N, 0.3% P205 and 0.5% K20 was applied @ 10 kg plant-I The 

levels or Nand K were kept constant for all treatments. 190 g N planl-
' 

was applied in six equal splits, first as basal and the remaining at one, two, 

four, five and six months after planting. 300 g K20 plant-I was also applied 

in five equal splits, first as basal and rest at one, t\\/O, four, and f,ve months 

aftcr planting. Phosphorus was applied in two splits ollly~ first as basal and 

second one month after planti ng. 

I)hosphobacterin 

Phosphobacterin culture consisting of a mixture of bacteria 

(Pseudolllol1as and Bacillus sp.) and fungi (Asper!!.illu.\' sp.) purchased from 

the microbiology department of the TNAIJ, Madurai camplls was IIsed ((/J 

40 g planrl. 

A,)plication of phosplJobacterin 

The required weight of phosphobacterin for a plant was mixed with 

equal quantity of river sand and applied uniformly in the pits two weeks 

after the basal application or fertilizers. 
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MlIlrhill~ 

COCOllut husk was used as the mulch. Ilusks or five COCOlluts were 

packed with their concave surface downwards around the plants in each pit. 

Maintenance of the crop 

Ten plants were maintained In each plot. 

I rr'iga tioll 

Irrigation was given at weekly intervals @ 20 litres water plant-I 

upto third month and 40 litres plant-I up to harvest. 

Weeding 

Hand weeding was resorted to as and when required. 

Plaut fJroh'ctiou ltI('usun.'s 

Phorate (10% G) was applied uniformly to all plants @ 25 g plant-I 

20 DAP in the soil and 12.5 g each 75 and 165 DAP in the leaf axils as a 

prophylactic measure against the bunchy top insect vector, Penla/onia 

nigrollerl'osa. A spray of Indofil M-45 was given to all plants for controlling 

the yellow spot disease. 
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Incitlence of Pests anti diseases 

No serious problem was noticed. 

Observations on plant characters 

Observation on vegetative characters such as height or plant, girth 

of pseudostem, total number of leaves, leaf area index and total dry matter 

content were made by destructive sampling of individual plants at three stages 

as shown below: 

Three months after planting Vegetative stage 

Six months after planting Shooting / flowering stage 

Nine months after planting Harvest stage 

Growth characters 

The growth characters of the crop were recorded as detailed below: 

Height of plant 

Height of the plant was measured from the base of the pseudostem 

at the soil level to the axil of the youngest un opened leaf at vegetative, 

shooting and harvest stages. 
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Girth of I)Seudostem 

Girth of the pseudostcl11 at the soil level allli at 20 and I ()() cm 

ahove the soil level was IlH:asured usillg a flexible measuring tape at 

vegetative, shooting and harvest stages. 

Number of leaves planet 

The total number of functional leaves per plant was recorded at the 

three stages lIIelltioned above. 

Leaf area index 

Leaf area index was computed from the values of the totul leaf area 

of the plant and the geographical area occupied by it using the formula 

Tolal lear area or the plant 
LAI 

Geographical area occupied by the plant 

The leaf area of the functional leaves was calculated adopting the 

formula proposed by Murray (1960). 

",IIl'Il' 

Lear area L x B x 0.8 (a constant) 

13 

1,l'llf',11i II/ 111111111<1 

Width of lamina 
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The length of lamina was measured from the base of leaf to the tip 

and the width at the broadest point of the leaf in the middle region. The 

sum of the area of all the functional leaves in a plant was then calculated. 

These observations were recorded at all the three stages. 

Total dry matter 

Determi nation of dry matter content of each part of the banana plant 

uprooted for destructive sampling was made according to the methods 

suggested by Piper (1967). The uprooted plant was separated into lamina, 

petiole, midrib, pseudostem and rhizome with roots and fresh weight of each 

was recorded. The flower at shooting stage and fruit at the harvest stage 

were also included in sampling. 500 g of fresh sample from each plant part 

was washed, air dried and then oven dried at 65 to 70 0 e to constant weight 

for calculating the moisture content. Using the values for per centage 

moisture and fresh weight of each part, total dry matter content was 

computed. 

Yield and yield attributes 

Bunch characters 

The following characters of the bunch contributing to yield were 

recorded immediately after harvest of the fully matured bunch. The 

disappearance of ridges followed by rounding of the fruit angles was taken 

as the indication of maturity (Stover and Simmonds, 1987). 
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Wci~ht of bunch 

Tile weight of bunch including the peduncle was recorded. 

Number of hands per bunch 

The number of hands 111 a bunch for each treatment was counted. 

Length of bunch 

Length of bunch was measured from the point of attachment of the 

first hand to that of the last halld. 

Weight of h~lIld (kg) 

Each hand on a bunch was detached and weighed separately. The 

mean value of the weight of different hands on a bunch was calculated and 

recorded as the weight of a hand for each treatment. 

Distance between hands in a bunch 

I 

The distance between adjacent hands In a bUllch was recorded alld 

the mean value calculated for a bunch. 

Number of fingers per bunch 

The total number of fingers III a bunch was counted. 
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Finger characters 

Following characters of the middle finger in the top row of the 

"~~olld hllnd. d\:HI~IHIII.1J hy (lullncch rJl trl. (IW,t!) "" the IIlJ~)\ ringcr wcre 

recorded. 

Length of finger 

The length of finger was measured from the top of the finger to the 

point or attachment to the peduncle. 

Girth of finger 

TIIC glllh of IllIgcr WilS IlIciislIrcll al Ihc 1)Jlll p011101I ollhc IllIger. 

Weight of finger 

The weight of finger was determined after detaching it from the 

peduncle. 

Harvest index 

Ilarvest Index was calculated uSlIlg the formula 

III 
Total economic yield 

Total biological yield 
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Fullness index 

Fullness index was calculated as the ratio of the weight of finger to 

its convex length (Stover and Simmonds, 1(87). 

Chemicul unnlysis of plant pa,'b ;IIUJ fruits 

The individual plant parts such as thc lamina, petiole, midrib, 

pseudostem, rhizome /lower and fruit collected at the respective stages of 

sampling were finely chopped, air dried and then oven dried at a temperature 

of 65 to 70 De in a hot air oven. The dried material was powdered uniformly 

and stored in air tight containers for chemical analysis. 

PhoSI)horus 

Tri acid extract of the samples(Piper, 1(67) was takcn and P estimated 

colorimetrically following the procedure outlined by Jackson (1973). 

Protein 

The protein conte'lt of the fruits was calculated by multiplying the 

estimated nitrogen (Kjeldahl method) with the factor 6.25. 

Phosl,horus uptake 

Uptake of P was calculated by multiplying the total dry matter of the 

respective plant part with its P content. 
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Analysis of rille fruits 

Quality of fruits 

The ripe fruits after removing the skin were made into a pulp in a 

homogeniser, filtered and made up to known volume. Aliqllots from 

this were used for the analysis of the following characters as detailed 

below. 

Total soluble solids 

Titrable acidity 

Reducing sugars 

Total sugars 

Method adoptcd 

Direct reading 

using hand refractometer 

Titration against 

0.1 N Na OH 

Copper reduction 

method lIsing 

Fehling's solution 

Rcference 

Ranganna (1977) 

Ranganna (1977) 

Chopra and 

Kanwar ( 1(76) 

Copper reduction method Chopra and 

using Fehling's Kanwar (1976) 

solution after 

Hel digestion 
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Non reducing sugars 

This was computed uSing the values for total and reducing sugars 

adopting the formula, 

Non reducing sugars (Total sugar - reducing sugars) x 0.95 

Sugar-acid ratio 

Sugar-acid ratio was determined by dividing the value of total sugar 

by the value for acidity of the corresponding sample. 

Indexing of plllilt pllrt 

For indexing the best plant part or rellect in banana for P, the third 

lear was collected (Hewitt, 1955) at monthly intervals from the third month 

onwards upto harvest and separated into petiole, lamina and midrib portion 

as given below (Prevel et aI., 1986) (Fig. 3). 

Petiole 

Midrib 

Lamina 

distal hal r portion 

Five cm long piece of midrib exactly half way along the 

leaf 

Five cm wide strip across the lear on either side or the 

midrib sample 



___ Pe.:t(ole 

___ Midycb 

Fig. 3. Selection of sections of third leaf for indexing 

P status in banana cv. Nendran 

Leaf blade 
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The samples were dried at ()) to 7()1\', powdered and analysed lor I' 

content as descri bed earl ier. 

Soil an~llysis 

Soil samples were collected from the pits at the three growth stages 

on the day previous to the application of fertilizers. Four points around the 

plants within a lateral distance of 0 - 30 em were located and soi I was 

collected from a depth of 0 - 30 cm (Mohan and Madhava Rao, 1(85) The 

COIllI)()Slte sample drawn frolll each pit was air <.!ried, powdered, sieved 

through a 2 mm sieve and analysed for 1'1 I and available P content following 

standard procedures (Jackson, 1973). 

Statistical analysis 

The data generated from the laboratory incubation study and field 

experiment was subjected to statistical analysis by applying the technique of 

analysis of variance using RHD for field experiment and CRD for incubation 

study (Panse and Sukhatme, 19(7). Pooled analysis was conducted lor I' 

content, P uptake and dry matter content of the dilTercnt plant parts. 

Correlation studies 

Simple linear correlations were worked out (Snedecor and Cochran, 

1(67) to study the relationship between vegetative characters at different 

stages, soil available I' status and yield attrihutes and yield o/" hallana. 
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M ultilJlc "c~I'cssion aUla lysis 

Multiple regressIOn relationship between various factors and yield 

were also worked out. 

))ath coefficient analysis 

Path analysis was conducted to study the direct and indirect effects 

of vegetative characters and yield parameters with yield (Singh and 

Choudhary, 1985). 



RESULTS 
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RESULTS 

The efficiency or phosphobacterin cultures to increase the solubility 

of phosphorus from rock phosphate and maintaining a high status of available 

P in soil was evaluated by carrying out an incubation study in the laboratory. 

The resultant effect on the growth and yield of banana was assessed by 

conducting a field experiment at Farming Systems Research Station, 

Kottarakkara. The results of these two experiments are presented in this 

chapter. 

Ilicubntioll study 

The pH and available P status of the differently treated soil samples 

incubated in the laboratory ror a period or ninety days arc presented in 

tables 2 and 3 and Fig. 4. 

Soil pH 

The results presented in table 2 reveal that there existed only a non 

significant variation between the pll values or soils treated with different 

inputs. The untreated soil recorded the lowest pll (5.5) which however was 

not significantly different from the pI! of the soils in other treatments. 



Table 2. Incubation study - Soil pH at different periods 

Period (days) 

Treatments 0 3 6 8 10 15 20 25 30 45 60 75 90 Mean 

TJ 5.7 5.6 5.8 5.8 5.7 5.5 5.7 5.2 5.2 5.4 5.1 5.3 5.3 5.5 

T2 5.6 5.7 5.6 5.8 6.1 5.7 5.4 5.4 5.9 5.3 5.2 5.3 5.3 5.6 

TJ 5.6 5.8 5.8 5.9 6.1 5.9 5.8 5.5 5.1 5.8 5.7 5.5 5.8 5.7 

T~ 5.7 S"4 5.8 5.6 5.8 5.6 6.0 6.0 6.0 6.1 6.1 6.1 5.9 5.9 

T" 5.7 5.5 5.5 5.6 5.6 5.0 5.7 5.8 6.0 5.3 5.3 5.3 5.4 5.6 

T6 5.8 5.4 5.7 5.2 5.3 5.8 6.0 6.0 6.1 6.0 6.1 5.9 5.8 5.7 

T7 5.6 5.9 5.7 5.7 5.7 5.7 5.7 5.9 5.5 5.4 5.6 5.5 5.6 5.6 

Mean 5.7 5.6 5.7 5.7 5.8 5.7 5.8 5.7 5.7 5.6 5.6 5.6 5.6 

T P TP 

F 2.28n5 7.66** 1.195** 

SE 0189 0.066 0.176 

CD 0.185 0.489 

** Significant at 1% le\e) ns not significant T Treatments 

P Period TP Treatment x Period 

0> 
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Arter 20 days, the values became lesser in most of the treatments indicating 

a tendency lor the soil to become slightly acidic with progressive Incubation. 

The interaction between treatments and period of incubation on changes III 

pH was significant. The pH values in the treatments ranged between 5. I to 

6.1 with a mean of 5.5 to 5.9. 

Available Phosphorus 

The data as seen from table 3 reveal that the status of available P in 

the soil showed a significant increase due to the ct"l"cct of treatments as well 

as with increasing periods of incubation. The mean values indicated that 

maximum amount of available P (12.54 ppm) was extracted from soil 

receiving treatment T6, where a combination of MRP, FYM and PH was 

used. This was followed by T 5 where, though inoculated with PB, no FY M 

was applied. 

All the other treatments maintained significantly higher values for 

avai lable (> compared to the untreated soi I. 

The quantity of available P in soil due to the dlllerent treatments 

progressively increased with increasing period of incubation and reached a 

maxirTIum value of 19.31 ppm in T6 on the 90th day. This was closely 

followed by T) (15.73 ppm) and T7 (14.56 ppm) which, though significantly 

lower than T6, was higher than the other treatments including the control. 



Table 3. Incubation study - Available P (ppm) in soil at different reriods 

Period (days) 

Treatments 0 
.., 

6 8 10 IS 2'J 25 30 45 60 75 90 Mean .) 

Tl 2.48 2.49 2.56 2.80 2.81 2.90 2q 2.95 2.95 3.48 3.78 3.79 3.90 3.07 

T2 2.27 2.79 2.95 3.35 5.20 7.48 7 -1 7.90 8.62 10.23 11.76 13.71 14.23 7.58 

T3 2.46 2.75 2.91 4.40 5.52 8.42 8-5 8.78 8.74 9.20 10.02 11.51 11.64 7.32 

T4 2.37 2~63 3.15 3.64 4.97 6.40 6-0 6.89 7.63 8.79 8.89 9.17 9.21 6.19 

Ts 'J "', ~ . .)- 3.47 4.90 9.52 10.13 11.30 11.93 12.50 12.92 14.27 15.50 16.53 16.73 10.93 

,T6 2.64 4.68 5.67 10.58 11.21 12.41 ] 2 ~ I 13.50 13.88 18.09 18.99 19.11 19.31 12.54 

T7 2.39 2.63 2.80 5.85 6.26 8.74 8.93 9.08 9.52 11.59 13.66 14.08 14.56 8.44 

Mean 2.42 306 3.56 5.74 6.6 8.24 8 5 8.80 9.18 10.81 11.80 12.56 12.80 

T P TP 

F 2203.89** 3168.76** 116..t.6** 

SE 0.066 0.063 0.167 

CD 0.200 0.175 OA62 

** Significant at 101
0 \e\e1 T Treatment 

P Period TP Treatment x Period 

(J) 
<..V 
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The available P in different treatments shov,;ed a mean value or 3.07 to 12.54 

ppm and the average values of available P ranged from 2.42 to 12.80 pplll 

for the periods. 

Ji'JELU EXPEJUMENT 

Results of the field experiment to study the effect of PB inoculation 

on growth, yield, P content in soil and plant and P uptake of banana are 

presented in tables 4 to 35. 

Growth of banana was evaluated by taking observation on vegetative 

characters such as height, girth, total number or leaves, lear area illde:x and 

total dry mallcr production. The observations rcconJed at the vegdatlve (three 

months ancr planting), shooting (six months aner planting) and harvest (nine 

months after planting) stages are presented in tables 4 to 7 and rigures 5 

to II. 

Vegetative characters 

Height of PseucJostem 

The meall values I"or the height 01" pseudostem ill the differently 

treated banana plants at the three stages or observation are gi ven in table 4 

and figures 5 to 7. 
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Significant difference in plant height was noticed due to the effect 

of different treatments. Maximum height at the vegetative (16l). 0 cm) and 

harvest stages (312.3cm) was recorded by the plants in tn:atllll:nt "/"4' '.",here 

MRP was applied at 3/4 of the recommended level of P, combined with PH, 

FYM and Illulch. 

It llIay be seen that at the shooting stage, the maximulll plant height 

of 302.3 cm was recorded in "1") where P was applied as MRP at the full 

recommended level. But, this was on par with the treatment T4 (298. 7cm) 

showing that 3/4 of the P applied along with PB was equally good in 

promoting plant height. 

The treatments T4 and T5 receiving PH inoculation recorded 

significantly higher values for plant heigh) when compan:d to 1"2 and "'1' 

the treatlllents with the sallle level of P, but without PH inoculation. 

The treatments where PB was applied without FYM (T6 and '1"7) 

however have recorded only a significantly lower plant height at all stages 

when compared to the treatments T4, T5, T8 and T9 where FYM was applied , 
along with PB. 

It may be also seen from table 4 that the treatments "1"8 and "1"9 where PB 

was applied along with FYM out without Illulch showed a significantly 100ver 

plant height compared to treatments T4 and T) where Illulching was done. 
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Table 4. /leight of pseudostcll1 at different stages (em) 

Treatmcnt Vegctative Flowcring Ilarvcst 
stage stage stage 

T\ 163.7 302.3 310.7 

T 2 162.7 296.7 300.0 

T 3 160.0 276.3 290.7 

'I' 4 169.0 298.7 312.3 

'1'5 164.0 294.7 297.3 

'1'6 160.0 285.0 291.0 

T 7 145.3 263.3 280.0 

T 8 155.0 290.7 2lJ9.0 

T<) 15X.7 2.X.1 .1 7.l)~.7 

Mean 159.8 287.4 297.4 
I 

F 22.48*'" 53.5t· 120.06 .... 

SE 1.413 1.649 0.913 

CD 4.237 4.944 2.737 

** Significant at 1% level 
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Il0wl!ver the plant hl:ight ill these treatllll:nts was significantly highl:r than 

that in the treatments '1'6 and T7 where the same levels of P, PH and mulching 

were given but without the addition of FYM. 

lleight or the plants In treatments T2 and T" which was on par at 

all slages 1IIlliellled Ihal 112 kvel 01" P wllh I'B. I-"YM aJld JlllIlell n~) was 

as cllective as the treatment with 3/4 level or P applied without PH (1"2) ill 

maintaining plant height. 

Girth of pseudostem 

The girth of pseudostem at the base, 20 and 100 cm above the ground 

level recorded at the three prescribed stages mentioned above an: presented 

in table 5. 

Significant difference in the girth of pseudostem of banana in different 

treatments was noticed only at the vegetative stage as seen from table 5 and 

figure 8. 

Maximum girth of 'Pseudostem (41 cm) at the base was recorded at 

the vegetative stage in '1"4 which was on par with the girth of plants In 

treatments T I' T 2' T 3' '1'5 and T8· ln the case of treatments T8 and '1"9 where 

FYM was applied with PH and mulching, a higher girth was recorded 

compared to Ihose where no FYM was applied. indicaling Ille slIpelJor effect 

of FYM to mulching in promoting girth of pseudostem. 
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Table 5. Girth of pseudostem at diflCrent stages (ern) 

Girth at base Girth at 20 em Girth at 100 em 

Vegatative Flowering Harvest Vegatative Flowering Harvest Vegatative Flowering Harvest 
stage stage stage stage stage stage stage stage stage 

'1', 40.0 61.7 58.0 38.3 57.7 57.0 27.7 50.0 47.0 

T 2 ,103 58.0 58.7 :n.~ 54.7 55.7 2().O ,n.o 473 

T3 40.7 60.0 56.3 37.0 56.0 53.7 28.0 48.0 46.0 

T4 41.0 60.7 56.3 39.3 57.0 57.7 29.3 47.7 47.0 

Tj 39.7 60.7 56.7 38.0 57.7 59.0 28.3 49.3 48.3 

T6 34.0 57.7 54.7 33.3 55.3 54.0 24.7 47.3 44.3 

T7 33.0 57.3 55.7 32.3 54.3 54.3 23.0 45.7 433 

'1'8 39.0 57.7 56.0 34.7 54.0 56.3 25.7 45.7 46.3 

T9 38.0 58.3 55.0 34.0 54.7 55.0 24.3 45.7 46.3 

1 

F 18.10·· 2.38"5 0.94"5 I I. 90·· 2.41 liS 1.2411s 24.13·· 1.28"s 2.22"5 

SE 0.689 1.059 1.334 0.722 1.162 1.292 0.466 1.401 1.032 

CD 2.067 - -- 2.165 --- --- 1.399 -- --

ns not significant 

* * Signi ficant al 1 % kvcl 
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Tllhle 6, '/'0(111 1I11111hl'I' 01' k'UVl'S plUlll" , III diUl.'/l'lIl ,<;Inl~l',<; 

Treatments Vegetative Flowering Harvest 
stage stage stage 

T , II .0 8.3 3.0 

T 2 10.0 8.0 3.0 

T 3 9.7 8.3 3.0 

T 4 I I .0 8.7 J.J 

T 5 10.3 8.7 3.0 

T 6 9.3 8.3 4.3 

T 7 9.7 9.0 4.0 

T 8 10.7 9.0 3.7 

'1'9 10.7 9.0 3.7 

Mean 10.2 8(, :1.4 

1 

F 1.5401ls 0.6 141ls 4.9' .... 

SE 0.498 0.465 0.226 

CO -- - 0.677 

ns not significant 

** Significant at I % level 



Tabk 7. Lear area index planr' 

Treatments 

T I 

T2 

T3 

T 4 

T 5 

T () 

T7 

T8 

T9 

Mean 

F 

SE 

CD 

* Significant at 5% level 

** Significant at I % level 

ns not significant 

Vegetative 
stage 

0.84 

1.00 

0.95 

0.90 

0.77 

0.56 

0.65 

0.92 

0.95 

0.84 

J.58* 

0.078 

0.236 

70 

Flowering Ilarvest 
stage stage 

1.57 0.43 

1.52 0.32 

1.46 0.46 

1.88 0.64 

1.68 0.68 

1.37 0.70 

1.85 0.44 

1.93 0.52 

1.77 0.43 

1.67 O.SI 

1.0JIIS 12.97** 

0.198 0.036 

- 0.109 
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Girth of plants at 20 and 100 cm from the base was also significant 

ollly at the vegetative stage. The maximum girth of 39.3cm at 20 cm and 

29.3cm at 100cm from the base were recorded in the treatment T4. The 

treatments withuut FYM ("1"6 alld "1"7) recorded rather luw plant gll"lh compared 

to the treatmcnts with FYM. 

Total number of leaves 

Total number of leaves was maximum at the vcgetative stage with an 

average of 10.3 leaves per plant which decreased to S.6 at shooting stage 

and reached a very low value of 3.4 leaves per plant at harvest stage. Even 

though a slight variation in the number of leaves at various stages was 

noticed, it did /lot show any appreciable difference suggesting the lack of 

treatment effect on this character. 

Leaf area index 

Leaf area index was highest during the shooting stage (1.67) 

compared to the other two stages. At this stage, plants in T 8 had the 

highest LAl (1.93) followed by T4 (1.88) and T7 (1.85). LAl was minimum 

at the harvest stage with a mean value of 0.5 I. Plants in treatment "1"6 had 

the maxImum LAl at this stage followed by T5 and T4 . Ilowever. 

significant effect of treatments was evident only at the vegetative (Ind harvest 

stages. 
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Dry mattcr contcnt of diffcl'cnt "hant ,UlI'ts nlld tula' dr)' maller 

Dry matter content of di tTerent plant parts and the total dry maller 

content of the plant at the different stages of growth are presented in tables 

8 to 15 and figures 9 to II. 

UI'Y uUlUcr coull'lIl of p'nlll ,UII"S 

Petiole 

Tllere was signil'il:ant dillerell~e hetweell treatments at tile three stages 

on the dry matter content of petiole. 

As seen from table 8, the maximum dry matter for petiole at the 

three stages was recorded In the treatmcnt T4 (lJ5.4, 240.8 and 52.7 g 

plant-I respectively) which was significantly superior to all the other 

treatments. 

Treatlllents with lower levels of I' along with 1'13 and 1''YM produced 

higher dry maller than the corresponding treatments without PH. At the 

shooting stagc TH, T<), T I qnd Tc; wcre on par showing that 3/4 P and 1/2 P 

without mulch but with PH and FYM has the samc effect as that of full and 

half level of P applied along with PH, FYM and mulch. 

The pooled analysis of the data showed the superior effect of '1'4 

over the other treatments in influencing the dry matter content of petiole. 
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Midrib 

It can he sccn from tablc X that at thc vcgetative stagc, thc lllgllcst 

dry matter content of 84.7 g was recorded in T 1 which was on par with T4 

(83.6g). But both at shooting and harvest stages T4 recordcd the maximum 

dry matter content of 238.0 and 75.1 g per plant respectively. 

The highest dry matter content of 238.0 g was recorded at the 

shooting stagc in '1"4. Tile superiority or T'I \\"lIS COllrJrlllcd ill pooled analysis 

also. 

The effect of FYM was pronounced in T8 and '1'9 when compared to 

treatments receiving no FYM (T6 and T7 ) which recordcd only a significantly 

lower dry matter content. Mean values for dry matter content in the different 

treatments was significantly high and maximum during shooting stage 

compared to vegetative and harvest stages .As far as the ellect of individual 

treatlllellts IS cOllcellled, T4 prouuceu thc IIHI\IIlIUIJI uly llIaller contcllt (132.3) 

followed by T8 , (128.0) and TI (125.lg plane l ). All the other treatments 

resulted in comparatively lower valucs, T7 recoruing the minilllulll value of 

88.2 g per plant. 

I.e;. f Illude 

111l' til Y "11t1!l'1 COllIl'Il1 01 kll ( Idude IS !,ll'Sl'lIll'd III (ahlt' 1<) 



Tallh: X. J)rymaller content III petioh: (g plant-I) 

Treatments Vegetative Flowering 

stage stage 

T I 72.5 226.7 
. 

T2 69.8 198.5 

T J 66.5 213.1 

T 4 95.4 240.8 

T5 75.4 223.8 

T 6 56.4 221.2 

T 7 52.6 1 tJ2.7 

Tg 74.7 232.3 

T <) 67.8 232.3 

Mean 70.1 220.2 

F 305.04** 21.08** 

SE 0.704 3.4tJ2 

CD 2.112 
I 

10.470 

Pooled ANOVA 

F CD 

Treatment 1510.70++ 

Stage 6.50** 

Treatment x stage 12.53** 

** Signilicant at I % level 

3.498 

6.058 

10.493 
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Harvest Pooled 
stage data 

46.3 115.2 

35.3 101.2 

32.0 103.9 

52.7 129.6 

43.3 114.2 

42.0 106.5 

31.7 92.3 

50.0 119.0 

36.0 112.0 

41.0 

715.01** 

0.561 

1.683 



Table 9. Dry mattcr contcnt In midrib (g planr l ) 

Treatmcnts Vegetative Flowering 
stage stage 

T I 84.7 219.3 

T 2 81.3 196.0 

T J 81.3 206.0 

T 4 83.6 238.0 

T5 78.0 219.3 

T 6 52.0 196.0 

T 7 43.8 170.3 

T 8 82.1 228.7 

T 9 69.6 205.3 

Mean 72.9 208.8 

F 715.01** 46.51 ** 

SE 0.561 2.976 
t 

CD 1.683 8.923 

Pooled /\NOV/\ 

F CD 

Treatment 662.33** 

Stage 6.27** 

'r _" 1.24** reatment x stage I 

** Siglli lil:aIlt at I (~o Ien:1 

4.433 

7.679 

13.10: 

75 

Ilarvcst Pooled 
stage data 

71.3 125.1 

70.1 115.8 

53.2 113.5 

75.1 132.3 

72.7 123.3 

67.7 105.2 

50A 88.2 

73.3 128.0 

55.1 110.0 

65.4 

28.29** 

1.823 

5.466 



Table 10. Dry matter content in leaf blade (g planr l ) 

Treatments Vegetative Flowering 
stage stage 

T I 201.9 583.2 

T 2 180.0 550.0 

T 3 170.7 500.0 

T 4 186.0 691.7 

T 5 177.0 517.5 

T 6 120.0 566.7 

T 7 107.7 550.8 

T 8 188.6 GO 1.7 

T () 168.0 575.0 

Mean 166.7 570.7 

F 150.78** 129.96** 

SE 2.585 4.848 

CD 7.751 I 14.534 

Pooled ANOVA 

f CD 

Treatment 540.99** 

Stage 3.43+ 

T 79.03 ** reatment x stage 

* Significant at 5% Icn~1 

** Significant at 1% level 

14.362 

24.876 

43.087 

Harvest 
stage 

168.0 

165.3 

115.0 

198.0 

180.0 

122.0 

113.7 

177.3 

171.0 

156.7 

194.82** 

2.248 

6.740 

76 

Pooled 
data 

317.7 

298.4 

261.9 

358.6 

291.5 

269.6 

257.4 

322.5 

304.7 
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Tllere was signilkallt diITereIH":l' hetweell trcatnlcllls "' the dlY "Ii,IICI cOlltCllt 

of leaf blade. I\t the vegetative stage, the highest dry JIIaller cOlltent of 

202.0 g was recorded in T J which received the highest amount of P, followed 

by T8 and T 4 which were on par. The lowest dry matter content was recorded 

in T6 and T7 which received only 314 and 112 level of P respectively along 

with PH, but without FYM. 

I\t shooting and harvest stages the IlWXllllllm dry matter content was 

recorded in the treatment '1'4' I\t the shooting stage, '1'4 was followcd by 

T8, which rcceivcd MRP, PH, and FYM but without mulch. I\t the harvest 

stage, thc dry mattcr content or lear blade was drastically reduced to an 

average value of 156. 7g per plant only compared to 570.7g at the shooting 

stage. I\t the harvcst stage also, lear blade III '1'4 ,ecollJed tile hlgllest dry 

matter content of 198.0g per plant which was significantly higher than the 

rest of the treatments. This was followed by Ts where 1/2 level or 

recommended P was applied along with Pl3. 

On pooled analysis of the data, '1"1 showed superiority over other 

treatments in maintaining a higher dry matter content. 

Pseudostem 

Data presented In table II shows that there was significant 

diffcrcnce hetween treatments in thc dry matter content or pscuuostenl. 

At all the three stages, highest dry matter content was recorded ill '1'4 



Table II. Dry matter content in pseudostem (g planr l ) 

'rreatments Vegetative Flowering 
stage stage 

T I 415.3 1740.0 

1'2 415.3 1664.0 

TJ 410.7 1540.0 

T 4 466.3 1748.0 

T 5 413.0 1738.0 

T 6 289.3 1620.0 

1'7 263.7 1552.0 

T 8 373.3 1612.0 

T 9 326.7 1578.0 

Mean 374.9 1643.6 

F 52.95** 9.526** 

SE 9.268 26.742 

CD 27.786 I 80.178 

Pooled ANOVA 

F CD 

Treatment 1818.59**· 24.555 

Stage 6.71** 

'I' 1('9.1:73*+ rcatl11cnt x stage ,_, 

•• Significant at I % level 

42,530 

7.3.664 

Ilarvcst 
stage 

1810.0 

1690.0 

1640.0 

1840.0 

1620.0 

1620.0 

1553.3 

1734.0 

1510.0 

1668.6 

16.784** 

27.027 

81.033 -

78 

Pooled 
data 

1321.8 

1256.5 

1196.9 

1351.5 

1257.0 

1176.5 

1123.0 

1239.8 

1138.2 
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;\1 Ihe vegelallve alld l"/owering stage, the trellliliellts /'" l:, :1I1d T~ \\l'/c on 

par indicatIng the equal effect of full and 3/4 level of P without PH and Ii 

2 level 01' P wltl1 PH, I;YM IIlld IIlIIlch, III pookd Hllalvsls :lIso TI Il'colded 

the highest dry matter content. 

Rhizome 

Table 12 reveals that there was signifIcant difference between 

treatments in the dry matter content of rhizome at the three stages. It 

increased with growth and reached the maximum value of I062.5g at harvest. 

The highesl value or dry matter at all slages was recorded ill T4 . The rhizome 

yicld was on par with TI at the vegetative and shooting stages, But at 

harvest stage, T4 was siglli ficalltly superior to the rest of thc treatments. ;\t 

this stage '1'5' '1'1' '1'8 and '1'2 were on par suggesting the effect of full level 

of P as equivalent to the effect of treatments with 3/4 and 1/2 level of p, 

PH and FYM. Pooled analysis of the data also showed the superiority of 

'1'4 in increasing the dry matter content in rhizome compared to other 

treatments. 

Flower 

The dry matter content of flower and fruil presented ill lahle I] 

revealed that there was signi ficalll di rkrencc in Ihe dry matler content or 

flower due to treatments. The maximum dry matter or 24(). 7 g was recorded 

in '1'4 and l8' 



Table 12. Dry matter content in rhizome (g plane I) 

Tn:utmellts Vegetative Flowering 
stage stage 

T I 512.0 1036.7 

T 2 480.0 926.7 

T3 472.0 820.0 

T4 518.0 1036.7 

T 5 480.0 943.3 

'1'(1 464.0 8()O.0 

T7 416.0 740.0 

T 8 480.0 916.7 

'/'9 43S.0 800.0 

Mean 473.3 897.87 

F 10.12** 31.72** 

SE ((UN I 18.169 

CD 30.254 J 54.474 

Pooled ANOVA 

F CD 

Treatment 225.41 ** 
Stage 6.28*"' 

Treatment x stage 10.30** 

** Significant at I % level 

28.631 

49.590 

85.890 

Ilarvest 
stage 

1155.0 

1118.3 

1032.0 

1238.7 

1173.3 

<)·'·LJ 

902.0 

1155.0 

S-D.3 

1062.5 

29.61 ** 

25.349 

76.000 

80 

Pooled 
data 

901.2 

841.7 

774.7 

931.1 

865.6 

75(). , 

686.0 

850.6 

()l)J.8 
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Table 13. Dry mailer content In llower and frllit (g planr') 

'I'rcalmcnl Flowcr I;ruit 

T I 166.7 3268.3 

T2 200.0 3169.7 

T 3 200.0 2966.3 

T 4 246.7 3305.3 

T 5 220.0 32YJ.O 

T 6 220.0 2935.3 

T 7 146.7 2S2X.3 

T 8 246.7 J()43.0 

T 9 230.0 2627.0 

F 291,68** II. 77** 

SE 2.00 82.88 

, 
CD 6.00 248.48 

.,..,. Significant at J % level 
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Fruit 

T4 recorded the highest dry mattcr or 3305.3 g plant-'. which \-vas 

on par with T~ and T ,. The abscnce or FY M was pronounced in '1"6 and T 

7 which recorded comparatively lower values than '1'4 and T5 receiving FYM 

along with MRP and PB. 

Total dry matter content 

Vegetative stage 

The data presented in tables 14 and 15 and figures 9 to J J revealed 

that the total dry matter was significantly higher for the treatment T4 when 

compared to the other treatments. The treatments where PB was appl ied 

without FYM produced the lowest dry matter. Application of 3/4 and J /2 

level of recommended P along with PB, FYM and mu/Chillg(T4 and '1"5) 

were found to be significantly superior to the corresponding treatments 

without I;YM Cf"6 and '1"7)· 

Shooting stage 

During this stage also, plallls ill IlcallllclIl 1"1 rccolded Ihe highesl 

dry mallcr contcnt (4201.8g), which was significantly superior to "1", 

(3972.7g). Treatments T5 and Ts produced equal amounts of dry maller 

which was higher than the dry maller produced by sllllllar levcls of P applied 

without 1'13 and FYM. 



Table 14. Total dry mailer contcnt (g planr i ) 

TIl'lIIIIH'II1s VI'/~('luIIVl~ 1'10\\l'1I1IJ( 
slage sla/jc 

T I 1286.5 3972.7 

T 2 1226.0 3735.0 

T 3 1210.4 3559.1 

T 4 1405.7 420/.8 

T 5 1223.4 3848.8 

T 6 982.1 3673.8 

T 7 887.0 3408.3 

T 8 1198.5 3848.8 

T9 1063.3 3620.7 

Mean 164.8 3762.0 

F 89.70** 30.89** 

SI': 16.IH)5 42.474 

CD 50.562 127.341 

Pooled ANOVA 

lrL'alll1cnl 

Stagc 

Treatment x stagc 

* Signi ficanl at 5% level 

** Sigllilicallt at 1% le"eI 

F C=C) 

942. X"H 
4.99++ 

8.88** 

112.2·~X 

194.42 
336.745 

83 

.- +,. -

11:11 \ l";1 "ooled 
sUlgc d:lla 

6518.9 3926.1 

6248.7 3736.6 

5838.5 3536.0 

6677.6 4095.1 

6383.8 3818.7 

573/.3 3462.4 

5/79.4 3/58.3 

6383.8 3818.7 

5242.4 3308.8 

6035.6 

18.46 * 

13() ()()() 

391.736 
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Table 15. Total dry matter content (kg ha- l ) 

Treatments Vegetative Flowering 
stage stage 

T I 3216.36 9931.67 

T 2 3065.40 9337.50 

T 3 3025.96 8897.67 

T 4 3514.29 1 0504.58 

T 5 3058.42 9622.08 

T 6 2425.29 9184.58 

T 7 2217.67 9072.50 

T K 
~')()() .. J.') XINIhl 

T., :u).') 8. 29 8.')21.25 

Mean 2908.67 9407.43 

F 80.76* 30.47** 

SE 44.922 106.633 

CD 134.683 319.701 

I 

Pooled ANOVA 

F CD 

Treatment 939.77** 

Stage 4.97** 

'I' °.88** reatment x stage 0 

* Significant at 5% level 

** Significant at 1% level 

281.16 

486.99 

843.48 

84 

Harvest Pooled 
stage dalu 

16297.45 9815.16 

15621.83 9341.58 

14596.33 8839.99 

16694.00 10237.63 

15959.50 9546.67 

14328.33 8646.()7 

12948.50 7895.81 

Ih.)·IX Ii %1.\1<' 

1 J 1 ()(J.{)() 8278.9.3 

15088.90 

15088.90** 

326.615 

979.235 
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Harvest stage 

Though the highest dry matter (including banana hunch) ut this stage 

was shown ill '1'4 (6677.6 g) followed by '1'1' '1'8 a/ld '1'5' /10 sigllif'icUlll 

differcnce was noticed between these values. The treatmcnts without PB 

produced only lower dry matter compared to those which received PB along 

with FYM and mulching. The pooled analysis of the data at the three 

different stages of growth has revealed the superior effect of T 4 over the 

rest of the treatments. 

b. Yield and yield attributes 

The data 011 yield and yield attributes or banana plant are presented 

In table 16 and figures 12 to 15. There was significant difference in the 

yield or banana, due to the effect of treatments. 

Yield 

The highest mean bunch weight of 10.68 kg plant-I was recorded in 

the treatment T 4' where onl)'\ 3/4 of the recommended level of P was appl ied 

along with PB, FYM and mulch. This yield was significantly superior to all 

the other treatments and was followed by T 1 (9.93 kg plant-I), which was 

on par with T 5 (9.25 kg plant-I). The results show that the application of 

full J> without PB could produce only a similar yield as lhat obtained by 

using 1/2 P with PB. 



Table 16. Yield and yield attributes 

Treatments Weight Number Length 
of bunch of hands of bunch 

(kg) bunch- 1 (em) 

Tl 9.93 5.00 27.33 

T2 8.57 4.81 26.67 

T3 6.79 - 4.67 24.33 

T-I 10.68 5.33 27.00 

Ts 9.25 5.33 25.67 

T6 7.25 5.00 28.67 

T7 6.79 5.00 28.00 

TM 8.95 5.00 27.33 

T<) 7.12 5.00 26.00 

F 11.58** 0.55ns 3.21 * 

SE 0.230 0.269 0.726 

CD 0.690 - 2.178 

ns not significant * Significant at 5<?·o level 

Average Average Number Length 
weight of distance of fingers of finger 
hand (kg) between bunch-I (em) 

hands (cm) 

1. 78 6.67 49.67 27.00 

1.60 7.50 46.33 26.67 

1.22 6.17 41.00 25.67 

1.89 8.00 48.00 26.33 

1.53 7.17 44.33 25.00 

1.09 6.83 43.33 24.00 

1.05 6.67 41.00 23.67 

1.57 6.67 49.00 26.00 

1.20 6.17 40.67 25.67 

31.23 ** 1. 53 ns 14.11** 1.2511S 

0.055 0.425 0.952 0.752 

0.164 - 2.853 -

** Significant at I % level 

Ginh of Weight 
finger of finger 
(em) (g) 

13.67 179.33 

13.67 173.33 

13.67 170.67 

14.00 180.00 

13.00 178.33 

12.33 130.00 

12.33 129.00 

12.33 163.00 

12.33 147.67 

5.36** 315.61*-

0.309 1.162 

0.927 3.483 

Weight of 
peduncle 

(kg) 

1.02 

0.83 

0.79 

0.93 

0.97 

1.80 

l.54 

0.57 

1.12 

3.54" 

0.204 

0610 

co 
0> 
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TII~ (1~:J(III~lIls T" :Jlld II \Vh~ll' I' \\as ;Ipplll'd al ~/'I alld I .. ~ 

reCOflllllCIH.Jcd level but without PH, rccorded only a lower yield of 8.57 and 

7.68 kg per plant respectively when compared to the treatments T4 and T". 

The same quantity of P was applied for these treatments along with PH. 

FYM and mulch and thc yicld was I(U)X kg and l) 25 kg plant-I n:spcctively. 

Treatments T() and T7, which received MR/', PH and Illulch but without I:YM 

showed a reduced yield or 7.25 and 6.71) kg plant- I, indicating the necessity 

for the use of FYM along with PH and mulching. Ilowcver, the trcatmcnts 

19 and "'9' wherc mulch was not included. but FYM \Vas applied. recorded 

a higher yield of 8.95 and 7.12 kg respectively revealing the greater influcnce 

of FYM when compared to mulching. 

Number of hands 

As seen from table 16, there was no signi ricant difference between 

the treatments on the number of hands produced per bUllch. The average 

number varied from 4.67 in "', to 5.33 in Ttl and T". 

Lcn~th of bu neh 

Maximum and significantly higher length of bUllch was recorded ill 

leI (2X. (17(,111). 1·l'1I1',1 Ii or hlllldl ill I Ivai IlIl'lIls '1/,1 I' 'Ix alldl ) 1\ l'll' 011 

par indicating that the treatments had no spccific influence on this 

character. 
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There was significant difference between the weight or hands dw.! to 

the different treatments. The maximum weight of 1.89 kg per hand was 

recorded in '1'4 followed by '1', (1.78 kg). The weight of hands in T2, '1'8 

and T'i was on par. Treatments where FYM was not applied along with PB 

resulted in a significantly lesser weight only (1.05 kg) compared to the other 

treatments. 

Average distance between hands 

The average distance between hands as evident from table 16 was 

not significantly affected due to the treatments. 

Number of fingers 

Significant difference in the number of fingers in the val'lous 

treatments was noticed. Maximum number or fingers per bunch (49.67) was 

recorded inTI which was on par with '1'8 (49.00). The number of fingers in 

T4 (48.00), though less than that in T, was not significantly lo .. ver. This 

shows that 3/4 level of P applied along with PB and FYM and full level 

of P without PU had more or less equal effect 011 the production of fingers 

in banana. 
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Length of fingers 

As seen from table 16, there was not any significant effect of 

treatments on the length of fingers in the bunch. It varied from 23.67 in T2 

to 27.00 cm in T\. 

Girth of finger 

As evident from table 16, the treatment effect was significant on the 

girth of fingers. The di fference between individual treatments was very small 

and the values ranged from J 2.33 in T 6 and T 9 to 14.00 cm in T4. 

Weight of finger 

Significant difference between treatments was noticed for this 

character Cfable 16). The maximum finger weight of 180.00g was recorded 

in T 4 which was on par with T \ (J 79.33 g) and T5 (J 78.33 g). The 

treatments with MRP and PB without FYM however showed a significant 

reduction in the weight of fingers. The weight of fingers was 130.00g in T(l 

and 129.00g in '1'7' 

Harvest index 

From table 17, it may be seen that there was no significant di/Terence 

in harvest index due to the diffcrent treatmcllts. It rallged 1'10111 O. 14 III T7 10 

0.23 in '1'5' The highest value was recorded in '1'5 (0.23). 
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Table 17. Harvest index and fullness index 

Treaments Harvest index Fullness index 

T I 0.21 6.65 

T2 0.22 6.51 

T 3 0.20 6.65 

T 4 0.21 6.83 

T 5 0.23 7.13 

T 6 
0.21 5.45 

T 7 
0.14 5.46 

T8 0.21 6.28 

T9 0.21 5.76 

F LIOns 13.98 .... 

I 

SE 0.025 0.163 

CD --~ 0.490 

ns not signi licant 

** Significant at I % level 
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Fullness index 

The value for fullness index as given in table 17, ranged from 5.45 

In T 6 to 7.13 in T s. There was significant difference between treatments. 

The highest fullness index of 7.13 was recorded in Ts which was on par 

with T 4 (6.83). 

P content in various plant parts of banana 

The P content of petiole, midrib, leaf blade, pseudostem and rhizome 

estimated at the three specified stages of growth of banana are presented in 

tables 18 to 23 and figures 16 to 18. 

Petiole 

As revealed from table 18, the average P conlenl of the petiole or 

banana plants slightly increased from 0.342% at the vegetative to 0.362% at 

the shooting stage and decreased to 0.290% at the harvest stage. The 

difference in P content of the petiole in the various treatments was significant. 

It was highest in TI (0.430) at the shooting stage. T4 recorded a uniformly 

higher value at the vegetative and harvest stages and was not significantly 

lower than '1'1 at these stages. Treatments rccclvlllg PB along with MRP 

recorded an appreciably higher P content in the petiole compared to the 

corresponding treatments without PB. 
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Table 18. P content in petiole at different stages ((%) 

Treatments Vegetative Flowering Harvest Pooled 
stage stage stage data 

T I 0.403 0.430 0.313 0.382 

T 2 0.360 0.357 0.233 0.382 

T3 0.290 0.323 0.200 0.271 

T 4 0.407 0.400 0.407 0.404 

T 5 0.317 0.380 0.370 0.356 

T6 0.340 0.357 0.250 0.316 

T 7 0.273 0.320 0.203 0.266 

T8 0.360 0.383 0.330 0.358 

T 9 0.320 0.310 0.307 0.314 

Mean 0.341 0.362 0.290 

F 75.171** 22.853** 80.550** 

SE 0.053 0.008 0.008 

CD 0.016 0.025 0.024 

Pooled ANOVA 

F CD 

Treatment 0.012ns 

Stage 0.006ns 

Treatment x stage 0.0008 I1s 

liS 1101 sigllilil:ulIl 
•• SigniIil.:allt at I % level 
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Table 19. P content in midrib at difJcrant stages (~o) 

Treatments Vegetative Flowering Ilarvest Pooled 
stage stage stage data 

T\ 0.387 0.357 0.300 0.348 

T 2 0.290 0.300 0.217 0.269 

T 3 0.247 0.237 0.187 0.223 

T4 0.403 0.353 0.307 0.354 

T5 0.287 0.293 0.213 0.264 

T6 0.240 0.260 0.217 0.239 

T 7 0.207 0.217 0.157 0.193 

T 8 0.307 0.277 0.207 0.263 

T 9 0.260 0.247 0./73 0.227 

Mean 0.292 0.282 0.220 

F 224.58** 43.19" 41.18" 

SE 0.004 0.008 0.008 

CD 0.013 0.022 0.024 

Pooled ANOVA 

F CD 

Trcatmcnt 0.0 I 811s 

Stage 0.0 II ns 

Treatment x stage 0.003 11s 

ns not significant 
** Significant at I % level 
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Midrib 

The P content in the midrib showed a slight decrease from vegetativ'e 

stage and it ranged from a mean value of 0.292 at the vegetative to 0.220% 

at harvest stage. There was significant difference in P content of midrib 

due to the different treatments. Treatment T4 recorded the maximum P 

concentration of 0.403% at the vegetative stage followed hy '1', (O.J~7(Yr,) 

and Ts (0.307%). ;\s in the above case, the midrib in '1'1 at flowering stage 

showed the highest P ~ontent (O.357(Yt,) which was not significantly 

different from '1'4 (0.353%). All the other treatments showed only much 

lower values. 

At the shooting stage, the P content of midrib of plants In '1'4 was 

on par with T l' the values being 0.353% and 0.357% respectively. At harvest 

stage also T4 continued to record the highest P content of 0.307%. Data 

on pooled analysis also showed the superior effect of '1'4 over the other 

treatments in maintaining a higher P content. 

Leaf blade 

As seen from table 20 significant difference in P content of leaf 

blade was evident due to the different treatments. At all stages the highest 

P content was recorded in treatment T 4 which was closely followed by 

T]. 
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Table 20. P content in leaf blade at difrerent stages (%) 

Treatments Vegetative Flowering Harvest Pooled 
stage stage stage data 

T I 0.413 0.397 0.347 0.386 

T 2 0.333 0.347 0.227 0.386 

T 3 0.237 0.233 0.110 0.193 

T4 0.417 0.420 0.377 0.404 

T 5 0.333 0.360 0.330 0.341 

T6 0.300 0.277 0.200 0.259 

T7 0.277 0.250 0.153 0.227 

T 8 0.323 0.300 0.210 0.278 

T 9 0.243 0.250 0.173 0.222 

Mean 0.320 0.315 0.236 .. 

F 60.08 .... 0.204.07 .... 370.7S ...... 

SE 0.008 0.005 0.005 

CD 0.025 0.014 0.015 

I 

Pooled ANOVA 

F CD 

Treatment 0.02ns 

Stage O.Olns 

Treatment x stage O.004ns 

ns not significant 

** Significant at I % level 
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The lowcst P concentration at all stages was recorded III T I' \\'l1erl~ olliv 

1/2 level of recollllllended P was glvcn without PH IlJOclJiatioll. There \Vas slgllllir:tllt 

difference in P content of lamina at different stages and it did not val)' much 

between the vegetative and shooting stages (0.320 and 0.315%) and recorded a 

lower value of (0.236%) at harvest stage. The same pattcrn was revcaled by the 

other trcatments also with respect to the P content in the leaf blade. 

Pooled analysis of the data has revealed the superiority of treatment 

T 4 over the other treatments in maintaining a higher level of P in the leaf 

blade. 

Flower 

Results presented in table 21 reveal that there was significant difference 

in the P content of flower between various treatments. The highest P content of 

0.283 % was present in T 4' The treatments T 6 and T 7' where PH was applied 

without rYM recorded comparatively lower P content (0.193 and 0.173% 

respectively) when compared to the corresponding treatments with FYM. 

Fruit 

Table 21 shows the P content of mature banana fruits. There was 

significant difference between treatments and the highest P content of 0.453% 

was recorded in T 4 which was significantly superior to all the other treatments 

followed by T 8 (0.420%). T I and T5 were on par and the values ranged 

from 0.283 in T3 to 0.450% in T4 . 
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Table 21. P content in flower and fruit (%) 

Treatment Flower fruit 
1 

TI 0.227 0.403 

. 
T 2 0.187 0.353 

T3 0.153 0.283 

T4 0.283 0.453 

T 5 0.207 0.403 

T6 0.193 0.337 

T 7 0.173 0.J10 

Tg 0.250 0.420 

T9 0.227 0.400 

F 99.59 .... 200.10·· 

SE 0.040 0.004 

I 

CD 0.012 0.012 

.. SigniJicullt lit I % level 
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Pseudostem 

I\s seen from table 22. there was significant difference III the P 

content of the pseudostem due to the different treatments at the three stages 

o[ growth of banana plant. 80th at the shooting and harvest stages, the 

maximum P content of 0.4 70 and 0.413% was recorded in '1'4. But at the 

vegetative stage, eventhough T I recorded the highest value 0.436, which was 

on par with T 4 having a P content of 0.423%. The average vallie [or P 

content of pseudostem increased from 0.281% at the vegetative to 0.321% 

at the shooting stage and then decreased to a lower value of 0.280% at the 

harvest stage. 

Data on pooled analysis also showed a significant influcnce of the 

inputs in T 4 on the P content in pseudostem compared to the other 

treatments. 

Rhizome 

Table 23 presents the data on P content in rhizollle. There was 

significant difference in P content of banana due to the effect of different 

treatments. The rhizomes in treatment T 4 recorded the highest P content at 

all the three stages of growth. Significant difference in P content was evident 

at the three stages also. It decreased from 0.321 % at the vegetative to 0.285% 

at the shooting stage and then increased to 0.390% at the harvest stagc. 
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Table 22. P colltcnt in pseuuostcm at diflercllt stages ('~o) 

Treatments Vegetative Flowering Harvest Pooled 
stage stage stage data 

TI 0.436 0.433 0.357 0.409 

T2 0.243 0.340 0.273 0.286 

T3 0.133 0.157 0.133 0.141 

T4 0.423 0.470 0.413 0.436 

T5 0.347 0.377 0.337 0.353 

T 6 0.236 0.273 0.250 0.253 

T 7 0.203 0.253 0.207 0.221 

Ts 0.280 0.313 0.300 0.298 

T 9 0.227 0.273 0.253 0.251 

Mean 0.281 0.321 0.280 

F 466.85 ...... /59.53ns 545.0 I ns 

SE 0.005 0.008 0.004 

CD 0.014 0.023 (). () I I 

Pooled ANOVA 

F CD 

Treatment o.o/ns 

Stage O.03ns 

Treatment x stage 0.0004ns 

ns not significant 

** Significant at 1 % level 
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Tuhlc 23. I' l'Olllrll1 III 1ilIIOIIIC III dillel elll sInges (II ct) 

Treatments Vegetative Flowering Harvest Pooled 
stage stage stage dala 

T I 0.390 0.307 0.423 0.373 

T2 0.263 0.283 0.383 0.310 

T) 0.240 0.253 0.323 0.272 

T 4 0.423 0.347 0.487 0.419 

T5 0.333 0.287 0.367 0.329 

T 6 0.303 0.257 0.390 0.317 

T7 0.280 0.200 0.340 0.273 

T8 0.357 0.327 0.430 0.371 

T9 0.303 0.303 0.370 0.326 

Mean 0.321 0.285 0.390 

F 88.845** 191.804** 63.72** 

SE 0.006 0.003 0.006 

CD 0.019 0.009 0.019 

Pooled ANOVA 

F CD 

Treatment 0.0 I ns 

Stage 0.03J1s 

Treatment x stage 0.0004ns 

ns not significant 

** Significant at I % level 
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The data on pooled analysis also revealed the superior effect of "'4 
011 illcreasing the I' cOlltent of rllIZOIJ)C ovcr the other treatments. 

P uptake in various plant parts of banana 

P uptake in the difTerently treated plants at the three stages computed 

by multiplying the per cent P content in each plant part with the 

corresponding dry matter produced are presented in tables 24 to 31. 

Petiole 

Significant difference was observed in the P uptake of petiole in banana 

due to the different treatments. P uptake was highest at the shooting and least at 

the harvest stage. The highest P uptake of 0.387 g was recorded in '1'4 at the 

vegetative stage, where as the same treatment recorded an uptake of only 0.200 g 

at the harvest stage. At shooting, the highest uptake of 0.963 g was recorded in 

treatment T" which was on par with T4 (0.960 g). The average P content increased 

from 0.243 g from vegetative to 0.790 g at shooting and then declined to 0.120 g 

at harvest stage. Pooled analysis also revealed the superiority of '1'4 over other 

treatments in promoting a high uptakc of P in the pctiolc. 

Midrib 

As evident from table 25, the treatment effects were 

significant In increasing the P uptake In midrib also. As in the case of 

petiole, the average values were highest (0.599g) at the shooting 

stage followed by vegetative (0.219g) and harvest stages (0.145g). 
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Table 24. P uptake In petiole (g planrl) at dillcrcnt stages 

Treatments Vegetative Flowering Harvest Pooled 
stage stage stage data 

TI 0.290 0.963 0.147 0.467 

T 2 0.250 0.70] o.wn (I.:H(, 

T J O.IY3 O.6H7 0.063 0.314 

T4 0.387 0.960 0.200 0.516 

Ts 0.237 0.857 0.157 0.417 

T (, 0.190 0.783 O. 100 0.358 

T7 0.147 0.617 0.063 0.276 

T 8 0.270 0.820 0.163 O.4IS 

T 9 0.227 0.717 0.107 0.350 

Mean 0.243 0.790 0.120 

F 173.10** 13.21** 68.46** 

SE 0.005 0.033 0.006 

CD 0.016 0.100 0.018 

Pooled ANOVA 

F CD 

Trealment 1.08ns 

Stages V.<)2I1S 

Treatment x stage 0.002ns 

ns not significant 

** Significant at I % level 
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Table 25. P uptake in midrib (g planr') at different stages 

Treatments Vegetative Flowering Harvest Pooled 
stage stage stage data 

T) 0.323 0.790 0.213 0.442 

T 2 0.243 0.587 0.153 0.328 

T 3 0.200 0.520 0.093 0.271 

T4 0.337 0.840 0.223 0.467 

T 5 0.227 0.643 0.153 0.341 

T6 0.127 0.510 0.143 0.260 

T 7 0.087 0.370 0.077 0.178 

T 8 0.250 0.630 0.153 0.341 

T9 0.177 0.507 0.097 0.260 

Mean 0.219 0.599 0.145 

F 566.16"'· 95.64""" 35.43""" 

SE 0.004 0.015 0.009 

CD 0.010 0.045 0.026 

Pookd ANOVA 

F CD 

Treatment 0.5 IOns 

Stage 0.02115 

Treatment x stage 0.002 11s 

ns not significant 

.. Signi ficant at I % level 
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Midrib in the treatment T4 recorded the maXIITIUm P uptake at aI/ the three 

stages followed by '1'" which recorded only a significantly lower value. 1\1/ the 

other treatments indicated much lower values. 

The superIor effect of T 4 was pronounced 1/1 the data on pooled 

analysis also. 

Leaf blade 

The efICct of treatments was significant on the uptake of P in the 

leaf blade (Table 26). Here also the pattern of P uptake was similar to 

that ill the other two plallt parts. The highest P uptake or o. HJJ g P was 

recorded in T, at the vegetative stage, which was on par with the J> uptake 

in T4 (0.777g). But at the shooting and harvest stages the highest I' 

uptake was recorded in '1'4 (2.901 and 0.743 g respectively) which was 

closely followed by T ,. Average P uptake increased from 0.537 g at the 

vegetative stage to 1.808 g at shooting which then declined to 0.390 g 

at harvest stage. Highest P uptake was noticed in the leaf blade compared 

to the petiole and lamina. 

On pooled analysis, the effect of treatment was not found significant. 

But the relative superiority of T 4 , a combination of MRP, PB and FYM 

was evident from the data. 
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Table 26. P uptake In leaf blade (g plant-I) at different stages 

Treatments Vegetative Flowering Harvest Pooled 
stage stage stage data 

T I 0.833 2.313 0.583 1.243 

T2 0.597 1.900 0.377 0.958 

T 3 0.427 1.167 0.130 0574 

T 4 0.777 2.901 0.743 1.476 

Ts 0.530 1.813 0.593 0.979 

T 6 0.360 1.550 0.240 0.716 

T7 0.296 1.377 0.173 0.616 

Ts 0.607 1.807 0.373 0.616 

T9 0.403 1.440 0.297 0.713 

Mean 0.537 1.808 0.390 

F 54.98** 294.48** 502.37** 

SE 0.025 0.031 0.009 

CD 0.075 0.093 0.028 

Pooled ANO VA 

F ('n 

TIClltillCllt 0.3'13 

Stage O.4J lIs 

Treatment x stage 0.0611s 

ns not significant 

** Significant at 1% level 



Flowcr 

, , 
-' 
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Significant difTerence between treatment in P uptake was noticed here 
" 

also. The highest P uptake of 0.700 g was recorded in T 4 which was 

followed by Ts (0.610g). All the other treatments resulted in only much 

lower accumulation of P in the flower (,rable 27). 

Pseudostem 

From table 28, it may be seen that P uptake in pseudostem differed 

significantly due to the different treatments. The treatment T4 recorded the 

highest uptake of l. 940 g at vegetative, 8.217 g at shooting and 7.176 g at 

harvest stage, which was followed by the treatment T I and '1"5 at all the 

stages. There was an increase in P uptake from 1.081 g at vegetative to 

5.381 g at shooting which then declined to a lower level of 4.687 g P pcr 

plant at the harvest stage. The data 0/1 pooled analysis also revealed the 

superiority of T 4 even though it was not significantly greater than the other 

treatments. 

Rhizomc 

The treatment effect was significant and the highest P uptake at all 

the stages was recorded in T4 Crable 29). The rhizomc recorded an uptake 

of 2.183 g at vegetative stage, 5.043 g at shooting and 1.940 g at the time 

of harvest. 
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Table 27. P uptake in flower and fruit (g plant-') at different stages 

'I'rcutments Flower huil 

T , 0.378 13.18 

T2 0.373 11.20 

T3 0.307 8.40 

T4 0.700 14.99 

T 5 0.453 13.28 

T 6 0.427 9.89 

T7 0.257 7.83 

T 8 0.610 12.78 

T9 0.523 10.51 

F 342.44·· 59.25·· 

SE 0.008 0.312 

CO 
, 

0.023 0.937 

* * Significant at I % level 



Til h k 2 H I' II II 1111\ C III II ~ C lid II ~ Ie III !/! II 111111 I) n I d II k I L'1l1 s I :I g l' S 

-- - .-._"._._._-_ .... --- .. -----.---
Treatments 

TI 

T 2 

T ) 

T4 

Ts 

T6 

T 7 

T 8 

T 9 

Mean 

F 

SE 

CD 

Treatment 

Stage 

Vegetative Flowering 
stage stage 

1.813 7.887 

1 .!)O6 5.(J53 

0.550 2.413 

1.940 8.217 

1.430 6.547 

0.680 4.427 

0.533 3.993 

1.043 5.050 

0.733 4.307 

1.081 5.388 

309.95""" 307.35 ...... 

0.030 0.108 

0.091 0.325 

Pooled ANOVA 

F CD 

71.50"" 

7. 81 .... 

0.386 

0.669 

Treatment x stage 0.79115 

ns not significant 

** Significant at I % level 

Harvest 
stage 

6.453 

4 J,2() 

2.1l)() 

7.176 

5.466 

4.053 

3.210 

5.203 

3.827 

4.689 

63.26 ...... 

0.197 

0.592 

108 

- .. ------
Pooled 

data 

5.384 

3.760 

1.71 X 

5.778 

4.478 

3.053 

2.559 

3.766 

2.956 
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Table 29. P uptake in rhizome (g plan!"') at different stages 

Treatments Vegetative Flowering Harvest Pooled 
stage stage stage data 

T\ 1.163 4.387 1.813 3.308 

T 2 1.260 3.553 1.006 2.661 

T3 1.237 2.653 0.550 2.169 

T 4 2.183 5.043 1.940 3.841 

T 5 1.590 3.460 1.430 2.803 

T6 1.406 3.350 0.680 2.393 

T 7 1.163 2.517 0.533 1.828 

T 8 1.707 3.940 1.043 3.140 

T 9 1.333 2.960 0.733 2.286 

Mean 1.541 3.540 3.061 

F \\4.77** 68.80** 309.95** 

SE 0.003 0.079 0.030 

CD 1.00 0.236 0.091 

I 

Pooled ANOV A 

F CD 

Treatment 13.98** 0.395 

Stage 1.70ns 

Treatment x stage 0.11 ns 

ns not significant 

** Significant at I % level 
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The average effect of all treatments at the vegetative stage \vas 1.541 

g which increased to 3.540 g at shooting and then decreased to 3.061 g at 

harvest. Though the interaction effect of treatments and stages was not 

significant, the superiority of T4 over other treatments was evident on pooled 

analysis of the data. 

Fruit 

The P uptake of mature fruits Crable 27) in the different treatments 

varied between 7.83g in '1'7 to 14.99g and was highest in T4 (14. 99g). This 

was followed by T 5 (13.28) which was on par with T 1 (13.18). The treatments 

are thus seen to affect significantly the uptake of P by banana fruit. 

The results on the data on P uptake by different plant parts show 

that in general, the highest P uptake in almost all the plant parts was recorded 

in T4 and was significantly superior to T I' T6 and T7 which received no 

FYM along with MRP and PB recorded lower values when compared to 

the corresponding treatments receiving FYM erR and Tc»). 

Total P uptake 

The total P uptake of banana plants at the different stages of growth 

are presented in tables 30 and 31 and figures 19 to 21. There was significant 

difference in the total P uptake by the banana plant due to the different 

treatments. The treatment T4 ranked first at the three stages of growth. 



Table 30. Total P uptake (g plant-I) at diller~nt stag~s 

Treatments Vegetative Flowering 
stage stage 

T I 5.253 16.720 

T 2 3.357 12.770 

T3 2.606 7.746 

'J' 4 j.750 18.666 

T 5 4.016 13.773 

T6 2.753 11.046 

T7 2.226 9.070 

T8 3.876 12.923 

T 9 2.873 10.453 

Mean 3.635 12.57 

F 441.19 .... 559.65** 

SE 0.057 0.148 

CD 0.173 0.444 

, 
Pooled ANOVA 

F CD 

Treatment 149.35** 

Stage 7.744** 

T 4.48** reatment x stage 

** Significant at I % level 

0.935 

11.620 

2.806 

Ilarvest 
stage 

24.116 

19.600 

13.497 

27.626 

23.000 

\6.850 

13.156 

22.683 

17.400 

19.770 

22.18 .... 

0.329 

0.989 

111 

Pooled 
data 

15.365 

11.909 

7.950 

17.348 

13.596 

10.216 

8.151 

13.161 

10.242 

• 



T1 T2 T3 T1 T4 T5 T4 T6 T7 T4 T8 T9 

Treatments 

-I 
Fig. 19. Total P uptake (g plant ) at vegetative stage 
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T1 T2 T3 T1 T4 T5 T4 T6 T7 T4 T8 T9 

Treatments 

-I 
Fig. 20. Total P uptake (9 plant ) at flowering stage 
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T1 T2 T3 T1 T4 T5 T4 T6 T7 T8 T9 

Treatments 

-I 
Fig. 21. Total P uptake (g plant ) at harvest stage 



Table 31. Total P uptake (kg ha-) at di fferent stages 

Treatments Vegclative Flowering 
stage stage 

T) 13.133 41.820 

T2 8.393 31.926 

T 3 6.517 19.370 

T 4 14.377 46.670 

T 5 10.043 34.433 

T 6 6.887 27.593 

T 7 5.570 22.677 

T8 9.699 32.310 

T 9 7.187 26.133 

Mean 9.089 31.437 

r 440.65·· 553.47""" 

SE 0.144 0.373 

CD 0.433 1.117 

Pooled ANOV A 

F CD 

Treatment 149.24""" 

S 7.74 
...... 

tage 

T 25.43 ** reatment x stage 

.. Significant at I % level 

2.339 

0.052 

7.018 

Ilarvest 
stage 

60.293 

49.003 

33.743 

69.070 

57.503 

42.127 

32.877 

56.710 

43.503 

49.426 

226.33 ... • 

(UQ4 

2.471 

112 

Pooled 
data 

38.416 

29.774 

19.876 

43.372 

33.993 

25.535 

20.374 

32.905 

25.607 
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III tlJis treatmellt, the highest I' uptake of 5.75() g per plant was recorded at 

the vegetative stage, 18.666 g at shooting and 27.626 g at harvest stage. 

The lise or 3/4 and 1/2 level of recollllllended P when applied without PH 

(T2 and T) recorded lower values when compared to the treatments with 

same level of P but applied along with PH, FYM and mulch Cf4 and 

T5 )· 

Application of 3/4 and 1/2 level of P along with PB but without the 

addition of FYM recorded significantly lower values when compared to 

the same treatments applied along with FY M. Pooled analysis showed the 

superiority of T4 over other treatments but there was no significant difference 

between treatments as far as the total P uptake by the whole plant was 

considered. 

Quality of Fruits 

Table 32 furnishes different parameters related to the quality of 

banana fruits. 

Total soluble solids 

Fruits in the treatment T4 recorded the highest content of total soluble 

solids (24.37%) which was on par with T) (24.00%). There was significant 

difference between the treatments with respect to this character. The values 

in the other treatments ranged frol11 18.20% in T8 to 23.17~·o in '1"2' 
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Table 32. Quality parameters of ripe banana fruits 

Total Titratable Reducing Total Non-reducing Sugar- Protein 

Treatments soluble acidity sugars sugars sugars acid (%) 

solids (%) (%) (%) (%) (%) ratio 

T) 24.00 0.204 10.19 16.73 6.53 49.95 8.44 

T2 23.17 0.309 10.83 16.16 5.33 35.10 8.24 

T 3 ]9.33 0.4]4 10.48 ]4.25 3.77 25.31 8.90 

T 4 24.37 0.215 11.24 17.51 6.30 52.40 8.43 

T5 23.03 0.234 11.96 17.24 5.30 51.27 8.80 

T 6 21.20 0.218 10.08 15.38 5.30 40.28 8.09 

T 7 20.13 0.217 9.85 ]4.41 4.40 45.27 8.08 

T 8 18.20 0215 10.42 15.12 4.70 37.57 8.11 

T 9 20.63 0.204 10.26 15.39 5.13 47.38 8.18 

F 265.80" 326.38** ]5.25** 85.19** 188.48** 59.39** 7.53** 

SE 0.133 0.004 0.169 0.128 0.063 1.162 0.112 

CD 0.400 0.011 0.505 0.383 0.189 3.484 0.337 

** Significant at I % level 
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TitrulJlc ucidity 

There was significant dilTerenct! between treatments in the content 

of total acids in ripe banana. Maxilllulll acidity (0.414%) was recorded in 

'1'3 followed by '1'2 (0.309%). T4 and T) were on par. The values in the 

various treatments ranged from 0.204 to 0.414% 

Reducing sugars 

The value of reducing sugars varied from 9.85 to 11.96 % and the 

highest value was recorded in T5. This was followed by '1'4 (11.24%). 

und '1'7 recorded the lowest value of lJ.X5%. 

Total sugars 

T 6 

The total sugar content including reducing and non reducing sugars 

in ripe banana fruits varied from 14.25 in T3 to 17.51% in '1'4' The treatment 

'I' 4 recorded the highest sugar content follwed by '1'5' Half level of P without 

PH ('1'3) and with PB without FYM (T 7) recorded the lowest total sugar 

content. 

NOll reducing sugars 

The non reducing sugar c<?ntent in flpe banana fruits ranged from 

3.77 to 6.53 %. The highest content was recorded for T) (6.53%) followed 

by T 4 (6.30%). Non reducing sugar content in T 5' T 6 and T9 were on par. 
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The sug=lr acid ratio 

The sligar acid ratio was highest (52.40) in T4 followed by Ts (51.27) 

The values ranged from 25.31 ('1'3) to 52.40 CI'4)' 

Protein content 

The protein content ranged from 8.08 In T 7 to 8.80% In T s' The 

highest value of 8.80 was recorded in Ts. 

SOIL ANALYSIS 

Soil pH 

The variation in soil pH in the banana pits at monthly intervals presented 

in table 33 revealed a significant reduction in pH after the first month. The mean 

pH decreased to 5.5 from the initial pH of 6.2 which was further lowered to 5.2 

at the end of the sixth month. After the sixth month, though a significant increase 

in pll was noticed it was only 0.7 units less than the initial pH. The mean pH 

value of the different treatments for the ninth month period revealed a significant 

difference between treatments. The pH was highest in T6 and T7 (6.0) and lowest 

in T4 and Ts (5.5). 

Over the entire period of growth, the lowest pH value of 4.6 was registered i 

in T 9 followed by T4 (4.9) at the end of six months. The highest value of 6.8 after 

first month of planting was noticed in the control plot (6.8). All the treatments 

f()IIowed a more or less similar trend, as far as lowering ofpll valuc is concerned. 

The interaction effect hetween period Hnd trcntmcnt wus significunt. 



Table 33. Soil pi I In banana pits at monthly intervals 

Tll~lIllllclIl s Mo 

T 1 5.7 

T 2 5.7 

T) 6.3 

T 4 6.4 

T 5 6.3 

T6 6.3 

T 7 6.1 

T 8 6.3 

T 9 6.5 

Mean 6.2 

T 

F 2.28ns 

SE 0.064 

CD --

T - Treatment 

P - Period 

M", 

6.3 

6.2 

6.3 

6. I 

6.3 

6.4 

6.5 

6.2 

6.5 

6.3 

TP - Treatment x period 

ns - Not significant 

** - Significant at 1% level 

MI 

6.8 

6.5 

6.6 

6.0 

6.1 

6.4 

6.4 

6.0 

6.3 

6.3 

P 

7.66·· 

0.067 

0.185 

1\12 1\1.\ 1\101 M'i Mil 

6.3 5.3 5.4 5.3 5.5 

6. I 5.7 5.6 5.3 5.2 

6.3 5.4 5.7 5.3 5.2 

5.5 5.2 5.3 5. I 4.9 

5.3 5.1 5.0 4.9 5.1 

6.2 6.2 6.0 5.4 5.6 

6.6 5.3 5.8 5.5 5.8 

6.4 5.4 5.6 5.2 5. I 

6.3 5.6 5.2 5.1 4.6 

6.1 5.5 5.5 5.2 5.2 

TP 

1.19ns 

0.176 

'-

MO - Before planting 

MY2 - 15 DAP 

MI - 30DAP 

M2 - 60DAP 

M3 - 90DAP 

M4 - 120 DAP 

M5 - 150 DAP 

M6 - Flowering stage 

M7 - Harvest stage 
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M1 MCIIII 

6.1 5.8 

5.3 5.8 

5.3 5.8 

5.1 5.5 

5.2 5.5 

5.8 6.0 

6.0 6.0 

4.6 5.0 

5.0 5.7 

5.5 
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Available phosphorus 

Data on available P extracted from the soil of banana growing pits 

before planting, after the application of ferti lizers and after inoculation with 

PH are presented in tables 34 and 35. 

The results indicate a significant effect of treatments on available P 

at monthly intervals and their interaction with different periods. The average 

effect of treatments at the different periods of sampling indicated a gradual 

rise in available P status from the time of planting up to the fourth month 

reaching a maximum of 11.40ppm which then declined to a lowest value of 

7.44ppm at harvest time. 

The mean values for available P in the various treatments were highest 

and on par for treatments T I and T 4 (9.25 and 9.21 ppm) suggesting the 

influence of PB in maintaining a high level of available P in the soil inspite 

of the lower level of total Pappi ied. This was followed by treatments T 8 

and T 6 where PB inoculation was made along with a lower level of P only. 

Highest content of available P, irrespective of the treatments was 

noticed at the end of the fourth month in all the treatments. The status of 
) 

available P in treatments where full level of P was applied was more or 

less similar to the treatments where 3/4 level of P with PI3 was applied 

and did not reveal any significant difference. The interaction effect was 

also maximum during the fourth month after which the available P content 

declined in all the treatments. The level of available P in all treatments at 

the time of harvest was II111ch higher than the initial level o/" P. 



Table 34. Available P In banana pits (ppm) at monthly intervals 

Tll:lIlll1clIlS 1\10 

T I 2.48 

T2 2.28 

T3 2.46 

T 4 2.37 

T5 2.33 

T6 2.65 

T7 2.40 

T 8 2.58 

T9 2.23 

Mean 2.42 

T 

F 138.48** 

SE 0.090 

CD 0.271 

T - Treatment 

P - Period 

MYJ 

4.28 

3.82 

3.27 

3.67 

3.33 

3.96 

3.53 

3.82 

3.27 

3.60 

TP - Treatment x period 

ns - Not significant 

MI 

6.48 

5.04 

3.50 

6.65 

5.03 

5.93 

4.13 

6.36 

4.55 

5.30 

P 

726.19** 

0.074 

0.204 

* * - Signi1icant at J % level 

M2 

8.16 

6.42 

4.87 

8.56 

6.67 

5.42 

5.43 

7.28 

5.92 

6.61 

MO 

M" 12 

MI 

M2 

M3 

M4 
M5 

M6 

M7 

M.l Mol M~ Mh 1\17 

10.15 15.18 14.87 11.70 9.81 

7.28 10.36 9.38 6.61 6.61 

5.94 7.63 7.41 5.68 4.76 

9.80 15.34 14.57 11.49 10.42 

7.57 11.33 10.93 10.17 6.67 

8.73 11.44 10.64 8.11 9.31 

6.52 6.77 6.70 6.56 5.06 

9.45 15.10 12.54 9.29 8.40 

7.74 9.34 7.80 6.46 5.91 

8.10 11.40 I n.53 8.41 7.44 

TP 

13.47** 

0.221 

0.612 

- Ucforc planting 

- 15DAP 

- 30DAP 

- 60DAP 

- 90DAP 

- 120 DAP 

- 150 DAP 

- Flowering stage 

- Harvest stage 
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1\1 call 

9.25 

6.42 

5.06 

9.21 

7.05 

7.49 

5.23 

8.30 

5.89 
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Table 35. Available P In banana pits (kg ha- I ) at monthly intervals 

Treatments MO MY2 MI M2 M3 M4 M5 M6 M7 Mean 

T 1 5.56 9.58 14.51 18.27 22.74 34.40 33.30 26.21 21.97 20.72 

T2 5.10 8.56 11.30 14.39 16.31 23.21 21.02 14.81 14.80 14.39 

T3 5.52 7.33 7.84 10.90 13.31 17.10 16.59 12.72 10.67 11.33 

T4 5.31 8.22 14.90 19.17 21.96 34.37 32.63 25.73 23.35 20.63 

T5 5.21 7.46 11.27 13.62 16.96 25.37 24.49 22.78 14.93 15.79 

Tc, 5.93 8.87 13.28 14.95 19.56 25.57 23.84 18.17 20.86 16.78 

T7 5.38 7.91 9.26 12.17 14.60 15.16 15.00 14.69 1133 11.72 

TR 5.79 8.57 14.25 16.30 21.17 33.83 27.86 20.80 18.82 18.60 

T9 5.00 7.33 10.20 13.46 16.67 20.93 17.48 14118 1.1.23 1.1.20 

Mean 5.42 8.20 11.87 14.80 18.14 25.55 23.58 18.93 16.66 

T P TP 

F 310.20·· 1626.65·· 30.17"· 

SE 0.202 0.165 0.494 

) 

CD 0.607 0.457 1.370 

** - Significant at I % level M3 - 900A» T - Trcatmcnt 

MO - Before planting M4 - 1200AP P - Period 

MYl - IS OAP M5 - 1500AP TP - Treatment x period 

MI - 30DAP M6 - Flowering stage 

M2 - 60DA» M7 - Ilarvest stage 



121 

Indexing of plnnt part in hnnann fur P staatus 

Results of analysis of the specified area of different plant parts such 

as lamina, petiole and midrib of the third leaf collected at monthly intervals 

from third month onwards to harvest are presented in table 36. 

Invariably, petiole registered the highest content of P (average value) 

during all periods of observation followed by the lamina and midrib. 1\11 

values increased up to the sixth 1110nth and thell declined registering 

minimum values at the end of ninth month. 

Third month 

The P content of lamina, midrib and petiole were on par in T I which 

shows that P was uniformly distributed in the lear. In the other treatments 

slight differences were noticed. 

Fourth month 

There was significant difference in the P content of lamina, midrib 

and petiole in treatments T I' T 2' T6 and T7. Here also, petiole registered the 

highest P content in seven treatments whereas lamina recorded the highest P 

content in T 4 and T 5 only. I 

Significant difference in P content was noticed between the plant 

parts, in all treatments except T8 and T9. Petiole recorded the highest P 

content in eight treatments. 
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Table 36. P content in the different parts or the third lear C~o) 

Lamina 

T I 0.413 

T 2 0.333 

T 3 0.237 

T 4 0.417 

T 5 0.333 

T6 0.300 

T 7 0.277 

T 8 0.323 

T 9 0.243 

Mean 0.320 

T 

F 355.52'''· 

SE 0.003 

CD O.OOC) 

T - Treatments 

P - PaIts 

Third month 

Midrib Petiole Mean Lam ina 

0.387 0.403 0.401 0.440 

0.2lJO 0.360 0.328 0.337 

0.247 0.290 0.258 0.243 

0.403 0.407 0.409 0.460 

0.287 0.317 0.312 0.350 

0.240 0.340 0.293 0.313 

0.207 0.273 0.252 0.290 

0.307 0.360 0.330 0.343 

0.260 0.327 0.277 0.280 

0.292 0.342 0.340 

P TP T 

114.40·· 10.06** 322.17** 

0.002 0.007 0.003 
I 

0.007 0.020 0.010 

TP - Treatment x parts 

* * - Significant at I % level 

Fourth month 

Midrib Petiole Mean 

0.417 0.443 0.433 

0.320 0.380 0.346 

0.253 0.303 0.267 

0.430 0.437 0.442 

0.310 0.333 0.331 

0.277 0.360 0.317 

0.243 0.303 0.279 

0.340 0.390 0.358 

0.283 0.357 0.307 

0.319 0.367 

P TP 

126.56** 9.0 I·· 

0.002 0.006 

0.006 0.018 

('ollld ... 



Table 36. (Contu .... ) 

Lamina 

TI 0.463 

T2 0.360 

T 3 0.273 

T4 0.460 

Ts 0.383 

T 
<> 

0.333 

T7 0.303 

T 8 0.383 

T9 0.297 

Mean 0.362 

T 

F 384.16 ..... 

SE 0.003 

CD 0.009 

T - Treatments 

P - Paris 

Fifth month 

Midrib Petiole Mean Lamina 

0.427 0.467 0.452 0.483 

0.337 0.400 0.366 0.400 

0.300 0.343 0.306 0.290 

0.433 0.463 0.452 0.467 

0.350 0.373 0.369 0.403 

0.310 0.387 0.343 0.357 

0.277 0.327 0.302 0.310 

0.373 0.413 0.390 0.403 

0.283 0.373 0.318 0.317 

0.343 0.394 0.381 

P TP T 

20.18 ..... 10.94·· 299.73·· 

I 
0.002 0.002 0.003 

0.005 0.015 0.010 

TP - Treatment x parts 

'" '" - Signi Ikant at I % level 
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Sixth month 

Midrib Petiole Mean 

0.437 0.490 0.470 

0.347 0.413 0.387 

0.310 0.357 0.319 

0.447 0.480 0.464 

0.350 0.387 0.380 

0.333 0.400 0.363 

0.290 0.347 0.316 

0.390 0.433 0.409 

0.310 0.393 0.340 

0.357 0.411 

P TP 

349.54 15.13 ..... 

0.001 0.004 

0.004 0.012 

Contd ... 
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Table 36. (Contd .... ) 

Seventh month Nineth month 

Lamina Midrib Petiole Mean Lamina Midrib Petiole Mean 

T, 0.397 0.357 0.430 0.394 0.347 0.297 O.J 13 0.319 

T 2 0.347 0.300 0.357 0.334 0.227 0.217 0.233 0.226 

T 3 0.233 0.237 0.323 0.264 0.110 0.187 0.200 0.166 

T 4 0.420 0.353 0.400 0.344 0.377 0.307 0.407 0.363 

T5 0.360 0.293 0.380 0.344 0.330 0.213 0.370 0.304 

T 6 0.277 0.260 0.357 0.298 0.200 0.217 0.250 0.222 

T7 0.250 0.217 0.320 0.262 0.153 0.143 0.203 0.167 

T 8 0.300 0.313 0.383 0.332 0.210 0.207 0.330 0.249 

T 9 0.250 0.247 0.310 0.269 0.173 0.173 0.307 0.218 

Mean 0.315 0.286 0.362 0.236 0.218 0.290 

T P TP T P TP 

FT 1 15.63** 282.28** 9.55** 217.19** 257.18** 30.31 ** 
) 

SE 0.005 0.002 0.007 0.005 0.002 0.007 

CD 0.014 0.007 0.020 0.014 0.007 0.020 

T - Treatments TP - Treatment x parts 

P - Pm1s * * - Significant at I % level 
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Sixth month 

The three plant parts such as lamina, midrib and petiole recorded 

the highest value of P in all cases except in Ts where lamina recorded the 

highest P content of 0.403%. 

Seventh month 

The P content of midrib, lamina and petiole significantly differed in 

treatments T I , T2, T4, Ts and T7. Petiole recorded the highest P content in 

eight treatments whereas lamina recorded the highest P content in T4. 

Nineth month 

In treatments '1"6' '1'7' T8 and '1"9 the P content in lamina and midrib 

were on par. The P content of lamina, midrib and petiole in T 2 were on 

par. Petiole recorded the highest P content in eight out of the nine treatments. 

Correlation studies 

Correlation between the three parls of third leaf and yield in banana 

IS as follows. 

Lamina 

The P content of lamina in the seventh month recorded the highest 

correlation coefficient (r = 0.827) and the lowest in the fourth month 

(r = 0.724) with yield (Table 37). 
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Table 37. Correlation between the three parts (lamina, midrib and petiole) of the third 

k:aralld yield orbanana 

Plant part Correlation coefTicient 

Lamino, 3rd month vs yield 0.730** 

4th month " 0.724** 

5th month " 0.766** 

6th month " 0.791 ** 

7th month " 0.827** 

9th month " 0.772** 

Midrib 3rd IIlOlIth " O.7J2++ 

4th month " U.6YI .... 

5th month " 0.764** 

6th month " 0.732** 

7th month " 0.776** 

9th month " 0.6n+" 

Petiole 3rd month " 0.692** 

4th month " O,()24 .... 

5th month " 0.682"'* 

6th month " 0.656 .... 

7th month " 0.71.)2"'* 

9th month " 0.593 .... 

** Significant at I % level 

Mid rib 

P content of mid rib m the seventh month recorded the highest 

correlation coelliciellt (r O. 77()) allll the lowest in the fourth lJIonth 

(r = 0.691). 
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Table 38. Regression relationship of P content in the Jeaf parts of the third 

lear 011 yield or banana 

Regression co-cfficnt of Y Laminn Midrib Petiole 

3rd month -5.4659 4.9155 16.5687 

4th month -8.1674 -\4.083\ - 4.9762 

5th month 3.6841 13.3040 26.4134 

6th month 6.9967 -10.9182 -37.0212 

7th month 4.6892 13.3073 15.8396 

9th month -1.2383 8.6168 1.7003 

Constant 4.3025 4.818() 2.8570 

F6,20 9.84** 9.07** 10.15** 

CoetTicient of 

determination R 2 % 75 73 75 

Petiole 

The same trend as JI1 the lear blade and midrib was noticed with 

petiole also. The correlation coefficient was highest in the seventh month 

(0.792) and lowest during the sixth month (r = 0.593) 75%. 



ILU 

It Illay be seell from the results that irrespective or the plallt parI. 

yielu ill gl! Ill!ra I was illrllH!IICl!U to thl! l!Xtl!lIt or 73 to 75%, hy till! l'l:Olltl!lIt 

of the leaf. The data reveal that the P content in no particular plant part was 

found to be specifically influencing the yield of banana. The results presented 

in tuble 38 reveal that about 75% of the variation in yield of banana l:ould 

be attributed to the P content in petiole and lamina and 73% of the same to 

the P content in the midrib. 

Table 39 furnishes the coefficient of correlation between bunch yield 

and some important growth, yield and soi I characters in banana. 

Vegetative characters and yield 

Most of the vegetative characters as given In table 39 showed 

positive and highly significant relationship with yield. 

The plant height at the flowering stage showed the maximum 

relationship with yield (r = 0.792). 

Girth of the plant at the base of the pseudostem measured at 
1 

vegetative and flowering stages showed positive and significant association 

with yield, the highest bei ng at the vegetative stage (r ,= 0.603). 

Girth measured at 20 cm height also showed significant and positive 

correlation with yield at the three stages, the highest being (0.672) at the 

vegetative stage. 
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Table 39. Coefficients of correlation between some important crop characters 
(lnd yield 

Character 

Plant height at vegetative stage 

Plant height at t10wering stage 

Plant height at harvest stage 

Girth at base at vegetative stage 

Girth at base at flowering stage 

Girth at base at harvest stage 

Girth 20 em height at vegetative stage 

Girth 20 em height at flowering stage 

Girth at 20 cm height at harvest stage 

Girth at 1 m height at vegetative stage 

Girth at 1111 height at lluwerillg stage 

(;i,th at 1111 hcight al hllrvl~st singe 

Number of leaves at vegetative stage 

N umber of leaves at lloweri ng stage 

Number of leaves at harvest stage 

LAl at flowering stage 

LAl at vegetative stage 

LAI at harwst stage 

Length of finger 

Length of bunch 

Number of fingers 

Weight of finger 

Weight of hand 

Number of hands 

vs yield 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 
" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

Correial ion coefficicnl 

0.671** 

0.792** 

0.737** 

0.603** 

0.468* 

0.351 

0.672** 

0.513** 

0.429* 

0.722** 

() 223 *'" 

0.347* 

-0.152 

-0.503* 

-0.096 

0.142 

0.293 

0.280 

-0.0l)8 

0.675** 

0.741** 

0.751 ** 

0.209 

* Significant at 5% level ** Significant at I % level 
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Plant girth at I m height showed positive and significant correlation 

at vegetative and harvest stages only and the highest correlation was at 

vegetati vc stage (r :-:: 0.722). 

The number of leaves per plant at vegetative stage when the highest 

number of leaves were present had a positive correlation with yield where 

as both at flowering and harvest stages when the number of leaves declined 

due to the death of earlier leaves presented a negative correlation between 

leaf number and yield. 

Yield and yield attributes 

Among the SIX yield attributes studied only the number of fingers 

per bunch, (r = 0.675) weight of finger (r = 0.741) and weight of hand 

(r = 0.751) showed a significant and positive correlation with yield. 

Total of P uptake and yield 

Table 40 furnishes the coefficients of correlation between total P 

uptake, yield and yield attriGutes. 

The total P uptake at vegetative, flowering and harvest stages also 

showed a positive correlation with yield (r=0.757, 0.754 and 0.809 

respectively). The highest correlation of 0.809 was recorded at the harvest 

stage. 
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lllhh~ -10, ('IIIIl:11I111I1I1I1 1011111' "plll~l' \\Illt vll'Id, wl'IJ',11l III '"'p,l'l IIlId lolld 

dry lIIaller 

Character Correlation Coetlicient 

Total P uptake at vegetative stage vs yield 0,757** 

Total P uptake at flowering stage vs yield 0,754** 

Total P uplakeat harvest stage vs yield 0,809** 

Total P uptake at vegetative stage vs weight of finger 0,728** 

Total P uptake at flowering stage vs weight of finger 0.613** 

Total P uptake at harvest stage vs weight of finger 0.679** 

Total P uptake at vegetative stage vs Total dry matter 0.835** 
at vegetative stage 

Total P uptake at flowering stage vs Total dry matter 0.934** 

at flowering stage 

Total P uptake at harvest stage vs Total dry matter 0.835** 

at harvest stage 

* Significant at 5% level ** Significant at 1% level 

P uptake and weight of finger 

Significant and positive correlation was also obtained between total 

J> uptake at the three different growth stages and weight of finger also 

(r 0.728,0.613 and O.67lJ), 

P upllliu' Jlllci lulnl cll')' IIInl""I' 

There was significant and positive correlation between total P uptake 

and total dry matter production of banana plant at all stages of crop growth 
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namely vegetative, flowering and harvest stages. The highest corrc/ntiol1 

was obtained between the total P uptake alld total dry mailer productioll at 

the floweri ng stage (r = 0.934) 

Available P content in soil and total dry matter 

Available P content of the soil at the three growth stages also showed 

significant and positive correlation with the total dry matter produced at 

the respective stages (r = 0.454, 0.840 and 0.626) Table 41. 

Available P content in soil and yield 

Table 42 furnishes the co-efficient of correlation between bunch yield 

and available P status of soil during the period of crop growth. There was 

positive and significant correlation between yield and available P status of 

soil from the second month onwards. 

Table 41. Correlation between soil available P and total dry matter at diflerent 

stagt.:s 

Soil available Pat 
vegetative stage 

Soil available Pat 
flowering stage 

Soil available Pat 
harvest stage 

* Significant at 5% level 

VS I TOM at vegetative stage 0.454* 

" TDM at flowering stagt.: 0.840** 

" TDM at harvest stage 0.626 

** Siglli licant at I ~o level 
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Table 42. Correlation between available P status or soil ntillonthly intervals anu 
yiclu 

Available P CoeOicient of correlation 

I st month 0.0961 

2nd month U.3856* 

3rd month 0.5770** 

4th 1I10nth 

5th month 0.5456** 

6th month 0.7128** 

7th month 0.7539** 

8th month 0.7109** 

9th month 0.6079** 

* Significant at 5% level *'" Significant at 1% level 

The available P content or soil at the flowering stage had the 

highest correlation with yield (r = 0.7128). 

The dependence of yield on available P In different months were 

worked out and is presented in table 42. 

It may be seen from table 43, that 69 per cent of the variation In 

yield may be attributed to the variation in available I' during the nine month 

duration of the crop. 
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Table 43. Regression relationship or available P content or soil at monthly 

intervals (m I, m2, 1113, m4, m5, mo, m7, mS and m4) with yield 

of banana 

Character MR of available P F92) Coefficient of 
content with yield determination 

Available P y = 7.6583-0.127* m I 

content at m I +0.1196* m2 - 0.2365"'* m3 4.22** 69% 

-0.0493 m4 - 0.1253 m5 

+0.82** m6 + 0.1012" m7 

+0.025* m8 -/- 0.0605** m9 

Influence of vegetative characters at different stages on yield of banana 

The regressIOn relationship of yield with vegetative characters such 

as girth and number of leaves at vegetative, flowering and harvest stages 

presented in table 43 show that all regressions were significant at the three 

growth stages and the variation in yield explained by these factors were 46, 

52, 58 and 31 % respectively. 

Multiple regression of yield with P content in soil and yield attributes of 
I 

banana 

The regressIon relationship of yield with avai lab Ie P content in the 

soil and total P uptake by banana plants at vegetative, flowering and harvest 

stages (rable 44) was found to be significant and the variation in yield 

explained by these regression were 53 and 6()(~/() rcspecti vely. 
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Table 44. Multiple regressslon of various factors (X) with yield (Y) of 

banana 

X 

Available J> 

content in suil 

Total P uptake 

X I = vegetative stage 

X2 = Ilowering stage 

X3 = harvest stage 

Multiple regression of Y 
un XI, X2, X3 

Y ~. 6.438 - 0.0859 x I i 

0.1158 x2 I 0.0624 x3 

Y· 5.407 I 0.0801 xl 
0.0733 x2 -/0.1688* x3 

F J,2] Co-ellieient or 
determinatiun 

R2 

R.48** 53 % 

14.83** 66 1% 

Table 45. Multiple regressIon relatioJlship oj' total P uptake at dillerent stages 

(X I, X2, X3) with weight of finger in banana 

Character 

Tutal P uptake 

X I = vegetative stage 

X2 = flowering stage 

X3 = harvest stage 

Multiple regression of total 
P uptake at XI, X2 and X3 
with weight of finger 

Y = 125.758 + 30.158** xl -. 

9.965**x2 + 2.590 x3 

F J,23 Co-ellicient or 
determ i nati on 

R2 

15.88 67% 



136 

The regression relationship of weight of finger witth total P uptake 

at vegetative, flowering and harvest stages was also «Jund to be significant 

and the variation in ringer weight due to P uptake was estimated to he 63%. 

The multiple regression of yield attributes namely finger length (X I)' 

finger number (X2), bunch length (X 3), finger weight (X4 ), weight of hand 

(X5) and number of hands (X6) is given by the equation 

Y 0.448 - 0.2173 XI + 0.1088 X 2 + 0.0701 X~ + 0.0386 X 4 _. 0.6105 

X5 + 0.2225 X6· 

This regressIon was also found to be significant at I % level 

(F6,20 = 10.17) explaining 75% of the variation in yield. 

Path coefficient analysis of vegetative characters in banana 

Growth characters such as plant height, girth or plant at base, 20 em 

height, 1 m height, number of leaves, leaf area index etc at three different 

growth stages were selected for studying their direct and indirect effects on 

yield (Tables 48 and 49). 

The correlation of plant height with yield Crable 39) was found to 

be highly significant at all stages of crop growth. However, the path analysis 

of plant height at different stages with yield revealed that the height at 

flowering stage had both direct and indirect effects on yield, while the plant 

height at the other two stages had no influence. 94~,ti of the variation in 
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yield may be attributed independently for plant height as IS evident 

from the residue value of 6% in the table 48. 

The correlation of girth at base with yield was found significant only 

at the vegetative stage and 26% of the variation in yield may be attributed 

to plant girth. 

The number of leaves produced was positively correlated to yield 

during the vegetative stage whereas a negative correlation between these 

factors was obtained at the harvest stage. About 17°/n of the variation in 

yield may be attributed to the number of leaves produced. 

Path coefficient analysis of yield I)arameters in banana cv. Nendran 

The 1110st important yield parameters such as length of finger, numher 

of fingers bunch-I, length of bunch, weight of finger, weight of hand and 

numher of hands were selected to study their direct and indirect drect on 

yield (Table 49). 

The direct effect of length of finger is negative while its correlation 

with yield was positive. This correlation l11ay be attributed to the high 

positive indirect effect of length of finger via weight of finger. The direct 

effect of length of finger along with the indirect effect via weight of finger 

had contributed to a significant correlation or number or ringers with yield. 

Length of hunch, had neither ,\ dirert nor indirert inl'llicllrl' on ~'il'ld. 



Table 46. Multiple regression of yield attributes with yield of banana 

Character 

Yield atLrihutes 

X I = finger length 
X3 = bunch length 
X5 = weight ofhand 

Multiple regression of yield 
attributes X I, X2, X3, X4, 
X), X(, Oil yield 

Y- 0.44X5 - 0.2173* XI I 

0.1088 X2 -+ 0.0701 X3 -I 

0.0386 X4 - 0.6105 X5 + 

0.225 X6 

X2 = finger number 
X4 = finger weight 
X6 = number of hands 

10.17"'''' 

Co-efficient of 
deh.:rm i nation 

I{ 7. 

75 % 

Table 47. Multiple regression of vegetative characters with yield of banana 

Character Multiple regression of FJ 2J Co-cllicient of 
vegetative characters determination 
onyield R2 

Plant height Y = -8.2174 + 0.0096 XI + 13.09** 63 % 

at three stages 0.0458 X2 + 0.0055 X3 

Girth at base Y = -5.718~0.282 XII 6.42'''· 46% 

at three stages 0.0840 X2 + 0.699 X3 

Girth at 20cm Y = -4.178 + 0.1650·· XI 8.24"· 52 % 

height at three I 0.0580 X2 I 0.0558 X3 
stages 

Girth at I m height Y = -1.6516 + 0.2087 .... XI 10.73 58 % 

at three stages -0.0233 X2 + O. 1148 X3 

Numbcrofleavcs Y = 9.0570 I 0.2136 XI 3.45· 31 % 

-0.1323 X2 - 0.580 I X3 

Leafarca index Y=5.59()911.7350XI 2.01 21% 

-0.2551 X21 2.9184 X3 

XI - Vegetative stage X2 - Flowering stage X3 - Ilarvest stage 
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Table 48. Path analysis of vegetative characters with respect to oi ffcrent 

growlh stages on yield 

Vegetative 
Charactcrs 

Plant height 

Girth at base 

XI 

0.0786 

0.0636 

0.4701 

0.1975 

U.UY68 

Number ortcaves 0.2473 

0.0384 

Stages 

X2 X3 

0.5410 0.0517 

0.6681 0.0604 

0.0923 0.0407 

0.2198 0.0507 

U.U564 U.IlJ77 

-0.0188 0.1190 

-0.1212 -0.0691 

-0.0717 -0.0204 -0.4105 

X I - Vegetative stage X2 - Flowering stage 

The underlined figures are the direct eflects 

Total 
correlation 

0.671** 

Residue 
(%) 

0.792** 0.0608 (6%) 

0.603** 

0.468* 0.7360 (74%) 

0.351 

0.347* 

-0.152 0.8303 (83%) 

-0.503* 

X3 - Ilarvest stage 

139 



140 

Table 49. Direct and indirect errect or yield parameters Oil yield III 

banana 

XI X2 X3 X4 X5 X6 Total correlation 

with yield 

-0.4136 0.2605 -0.0099 0.5589 -0.1262 0.0098 0.2795 

-0.2194 0.4912 0.0349 0.5403 -0.1900 0.0176 0.6746** 

0.0290 0.1211 0.1415 -0.3932 0.0023 0.0014 -0.0979** 

-0.2457 0.2821 -0.0592 0.9408 -0.1883 0.0115 0.7412"'* 

-0.2292 0.4097 -0.0014 0.7779 -0.2277 0.0215 0.7508 

-0.0339 0.0727 0.0017 0.0905 -0.0412 0.1191 0.2089 

Rcsiduc 0.'1968 (50%) 

The underlincd figures are the direct cllccts 

X I = lcngth of finger X2 == numbcr of fingers X3 == length of bunch 

X4 == weight of finger X5 = weight of hand X6 == number of hands 

The high correlation of weight of finger with yield and also the high direct effect 

of weight of finger on yield is evident from the table. The correlation between 

weight of hand and yield was positive, but its direct erfect was negative. The 

high indirect cOcct via weight of fingers had rcsultcd in this correlation. Both 

direct and indirect effects of number of hands was small and the low 

correlation with yield indicates a lesser influence of number of hands on yield. 

About 50% of the variation in yield may be attributed to the six bunch 

characters mcntioned. or these, weight or ringer is round to he the important 

character which dctermincs thc yield. 



DISCUSSION 
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DISCUSSION 

Banana is extensively cultivated in the laterite soils of Kerala where 

an efficient management of phosphate fertilizers is a serious problem. 

Increasing the efficiency of phosphate fertilizers in banana cultivation uSlllg 

phosphobacterin culture is a pioneer attempt in our state. The present study 

on "Increasing phosphorus use efficiency in banana" was conducted at the 

FSRS, Kottarakkara, where, as seen from table I, the soil is a typical laterite, 

predominantly kaolinitic and possessing high P fixing capacity. The 

phosphorus source lIsed was Mussoorie rock phosphate (M R P) with 2()(% 

P20S in an entirely acid soluble form. MRP is generally recommended for 

the long and short duration crops in the acidic laterite soils as a direct P 

fertilizer. The results of several experiments in several states including Kerala 

(Shanker and De, 1976, Sheeja, 1990 and Lin and Fox, 1992) have proved 

that at equivalent P levels, MRP is as effective as super phosphate for various 

crops. It may be noted that the amount of soluble P becoming available for 

plant uptake in either case, whether from MRP or SP is a net result of the 

balance between reactions that solubilise insoluble P from MRP and those 

which revert soluble P from super phosphate to insoluble reaction products. 

It is well known that the principles underlying both these processes 

leading to the resultant status of available P in soils are controlled by the 
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physico-chemical and mineralogical properties of the soils. The phosphate 

concentration in soil solution as conceived by Mengel and Kirkby (19H7) IS 

also influenced by the P uptake of plants, release from inorganic/organic 

pool as well us hy cquilihrulioll wilh P udsorpllon sill:S III 11ll: suil. II IS 

under these widely varying conditions that phosphobacterin culture IS 

considered as a valuable agent in promoting P utilisation of crops by 

maintaining an optimum concentration of soluble P in soil through biological 

action. 

The first part of the study consisted of an experimental study in the 

I aboratory, where fi el d soi I sam pI es were inc uba ted wi th M R P, 

phosphobacterin and FYM under optimum moisture level to monitor the 

pattern of P solubilisation as measured by the level of available P in soil. 

The second part was a field experiment with banana where the different 

treatments were designed to bring out the specific effect of phosphobacterin 

culture on the growth and yield and in maintaining a level of plant extractable 

P from MRP under the influence of FYM and an organic mulch. The effects 

were compared with the package of practice recommendations for banana 

of the KAU. 

INCUBATION STUDY 

The effect of incubation of soil with di ffcrent inputs assessed by the 

periodical monitoring of changes in soil pH and available P for 90 days, 

presented in tables 2 and 3 under results are discussed. 
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Soil pH 

Soil reaction, as measured by the pH value is considered as the best 

index to explain the cumulative effect of all factors contributing to the 

fraction of soil P accessible for plants. The primary (H 2 P04 t and secondary 

( I I PO 4 ) - 0 r tho rho s r hat c i 0 /1 S • i n w hie h 1'0 r III p I u n t s I a k CLIp J> arc 

predominunt in the soil solution in u plJ runge 4.0 -8.0 (Bear, I Y(4). But, 

as the pll vulue of the soil decrease from 7.0. the solubility or Fe and 1\1 in 

soil solution increuse due to the dissolution of Uibbsite and Goethite like 

minerals. The phosphate reaction system will now be fundamentally 

influenced by their molar concentration. As the solubility product of Fe3+ 

and AI3+ increase logarithmically with decrease in pll, the chances for 

rendering P unavailable to crops is more in acid soils. Insoluble phosphate 

reaction products formed by double decomposition reaction with Fe3+ and 

AI3+ are numerous and though unstable in the beginning become more and 

more stable with ageing. At the same time, phosphorus retained on the clay 

surfaces by adsorption reactions are more prominent in the pH range of 

5.0-7.0 as proposed by Tisdale et al. (1975). 

I\s seen from table f,. the laterite soil of FSRS, Kotarakkara with an 

initial pH of ? 7, on incubation with MRP, FYM and PB, has maintained a 

pH range of 5.1 to 6.1 with a mean value of 5.5 to 5.9 indicating only a 

moderately low level of soil acidity. These pH values an~ suggestive of the 

likely absence of double decomposition reactions liable to occur in highly 

acid soils existing at very low pH values. On the other hand, the 
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predominance of sorption reactions in affecting P solubility under the pll 

runge or 5.1-(>. I us indicuted by moderately acidic soil conditions arc likely 

to be more predominant. 

l3eing or sedimentary origin (Tisdale et al .. 1975 and Goyal et £II., 

1983), MRP is rich in carbonate and the phosphate is present as 

carbonatoapatite. The presence of free carbonates in MRP might have 

neutralised the resultant acidity arising out of the biochemical activities of 

the phosphate dissolving bacteria introduced through inoculation. Maintenance 

of a moderate level of acidity in the pH range of 5. I to 6.1. can help in 

the greater dissolution of Ca from MRP rather than Fe and AI from the soil 

clay minerals. Chances for the formation of mono and dicalcium phosphates 

which are available in the pH range of 5.5 to 6.2 cannot be excluded under 

these conditions. 

A drop in pH observed during the first 10 days of incubation in 

treatments T 5 and T 6 receiving PB inoculation agrees with similar findings 

reported earlier by Sahoo and Misra (1995) in soil incubation studies. 

Avuihlble I)hosphorus 

The status of available P in the incubated soil samples (tahle 3) is 

significantly different owing to the difference in the nature of treatments. 

The untreated control soil (T 1) registered a gradual rise in available P content 

from 2.4 to 3.9 ppm possibly due to the natural dissolution of insoluble P 
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compounds in the soil at a more favourable moisture content existed during 

incubation, The progressive increase in soluble P in treatments T 2 to T 7 

indicate a greater solubilisation of P under the influence of different inputs. 

A careful scrutiny of the results show that incubation of the soil with 

either PB (T 3) or FYM (T 4) alone has brought into solution about 4.7 and 

3.9 times more P from the soil at the end of 90 days compared to the 

untreated control soil, at the start of the incubation experiment showing the 

positive effect of these two independent factors. At the same time, MRP 

applied to the soil (T2 ) has also undergone solubilisation resulting in a much 

greater amount of soluble P during the period compared to T 3 and T4. 

While soil incubation with M RP alone had released an additional quantity 

of 10.33 ppm available P, incorporation of FYM with MRP in T7 has resulted 

in a numerical increase of only 0.33 ppm P. On the other hand, addition of 

PB along with MRP (T5) has solubilised an additional amount of 2.55 ppm 

phosphorus. The greater effectiveness of PB than FYM in solublising P from 

MRP is thus evident from these results. 

However, the phosphorus solublising effect was maxImum when a 

combined application of PB, FYM and MRP was made. In this treatment 

('1'6)' the available phosphorous content at the end of 90 days incubation 

was 19.31 ppm which is much higher than the amount of P solubilised in 

any of the other treatments. The results thus reveal the beneficial effect of 

FYM in activating PH culture consisting of a mixture of heterotrophic fungi 

and bacteria to digest MRP and release the highest amount of available P. 
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The pattern of P mobilisation in all the treatments was more or less 

uniform, indicating a slow pace in the earlier days and reaching a maximum 

by the end of 90 days. As the study was restricted to 90 days, the estimation 

of P becoming progressively soluble with continued incubation was not 

possible. 

An important outcome from the incubation study is that out of the 

100 ppm of total P applied as MRP, a maximum of only 15.41 ppm is 

solubilised as available P in the soil even in the best treatment. Apparently, 

this may be an equilibrium level remaining in solution after interaction with 

the soi I constituents as proposed by Hooker et al. (1984) who have suggested 

that in acid soils rich in sesquioxides, P fertilizer application enrich Fe and 

AI phosphate fixation sites mainly by adsorption on the surfaces of oxide 

minerals like Gibbsite and Goethite and act as the strongest sink for 

phosphate. When the adsorption sites act as strong phosphate sink, the 

phosphorus concentration of the equilibrium solution decrease with an 

increase in the amount of adsorbed phosphate. As the laterite soil used for 

the study was rich in sesquioxides and the pH of the incubated soils was 

around 5.5-5.9, the possibility of the existence of active adsorption sites 

cannot be excl uded. Further, as stated by Hauter (1983), the greater 

adsorption of P favoured at high plf will help to substantiate the role of P 

adsorption in retaining only a low level of soluble P in soil solution. 

Phosphate solubilising fungi like Aspergillus sp., Penicillium sp. and 

Rhizoplls sp. have heen reported (Narsian el 0/.,1(94) to soilibilise 9.0 to 
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34.6% of total P in synthetic medium under ideal conditions of incubation. 

The difference in the rate of RP solubilisation may be attributed to the 

difference in the chemical nature of RP as well as to the efficiency of the 

organisms arising out of the variation in the nature and quantity of the 

organic acids secreted by them. Most of these species required a period of 8 

to 15 days for maximum solubilisation of P from different types of rock 

phosphates (Venkateswarl u et at., 1984). 

From incubation studies on the dissolution of RP by PB under 

laboratory conditions, Misra and Sahoo, (1995) have shown that maximum 

P solubilisation could be achieved by 18 days of incubation beyond which 

the concentration of soluble P decreased. In the present study, however, P 

solubilisation continued eventhough at a low pace upto to 90 days incubation. 

Salih et at. (1989) have reported that PS fungi showed maximum efficiency 

in releasing P after 55 days in the soil treated with MRP and reported 

progressive increase in P solubilisatiol1 upto 70 days of incuhatioll. 

According to Mengel and Kirkby (1987), phosphate incubation in a 

moist soil is ideal to provide a more realistic picture with regard to P 

adsorption and P concentration in soil solution because incubation period 

for some weeks helps in maintaining an equilibrium between these two 

processes. 
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The incubation study has thus provided valuable information on the 

possible status of phosphorus that can be retained in an available form in 

soil solutioll for plallt uptake by Ihe lise or MRP under diller-enl 11Iclhods or 
fertilizer managelllent ill laterite soils. 

J?JELD EXPERIMENT 

The role of phosphobacterin culture in increasing the efficiency of 

phosphorus uti I isation from M ussorie rock phosphate in banana was 

evaluated by comparing the difference in vegetative characters, yield, P 

content and P uptake pattern as well as pH and available P in soils of the 

differently treated banana plants. The results on these observations presented 

in the preceeding chapter are discussed. 

Vegetative characters 

Banana is known to be a heavy feeder of nutrients and a steady supply 

of nutrients right from planting to bUllch maturity is essential for a healthy 

plant to produce large and good quality bunches. Data on the vegetative 

characters such as height, girth, number of leaves, leaf area index and total 

dry matter production invariably point to the superiority of the combined 

effect of PB, FYM and mulching in providing a continuous supply of P from 

MRP resulting in a balanced crop nutrition. 

Although the requirement for phosphorus by banana is much low 

when compared to Nand K, any deficiency of phosphorus in soil is likely 
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to restrict pllllll growth evell 1'1'0111 the very clldv stll~~CS itself'. (1;/t'ihl'lp. I'llili. 

1956). Significant di fference in plant height was noticed in nOlle of the 

treatments receiving either full, 3/4 or 112 the recommended level of P at 

the vegetative stage. However, at the shooting and harvest stages, the plants 

in T 4 and T 5 receivi ng the full complement of treatments recorded 

significantly higher values over the corresponding treatments T 2 and T 3 

without PH inoculation, indicating the influence of PI3 in promoting plant 

height. It is clearly evident that these bioagents have become more active 

in soil towards tile later stages of plant growth IIlld were ahle to produce a 

significant effect. 

Similarly, the treatments with different levels of P alone and with 

PH inoculation showed no significant difference in girth of pseudostem except 

at the vegetative stage. At this stage, plants getting 3/4 level of P as MRP 

along with PB ('1'4) had the maximum girth. The higher girth of the plants 

in this treatment at this stage may be attributed to the larger size of the 

pseudostem resulting from the concentric arrangement of the leaf sheath 

which was maximum at the vegetative stage. It may be seen from the results 

in table 7 that the treatments without mulch (T 8) recorded the highest value 

for LAI indicating a sufficient supply of P inspite of the lower amount of P 

applied. The result is in conformity with the report (Sheeja, 1(90) that 

provision of sufficient P can increase the LAI in banana. 

Several workers have reported the positive influence of P nutrition 

on plant height and girth in banana. An increase in plant height with P20S 

.~ . 
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upto 60g plal1t- 1 has been reported by Ramaswamy (1974), Shankar ( 1980) 

and Chattopadhyay and Bose (1986). Sheeja (1990) has also reported an 

increase in the value of these parameters due to the application of P within 

limits in the red soils of Vellayani. These and several other reports confirm 

the necessity for a steady supply of adequate amount of P for the proper 

vegetative growth in banana. 

The vegetative characters of plants receIvIng only 3/4 the 

recommended level of P were equal or slightly better than those receiving 

the full level of phosphorus. Even the plants in T), with only hal f the 

recommended level of MRP along with PB, FYM and mulch were in no 

way inferior to the hanana plants receiving the full package of nutrients. It 

may also be noted from the results that the vegetative characters of banana 

receiving 3/4 and 1/2 level or recommended P, but without PH inoculation 

were inferior in many respects compared to the corresponding P levels 

supplemented with PB. 

The results have pointed out that among the vegetative characters, 

leaf area index and total dry matter content were the only two features which 

showed a large and signi ficllnt diffcrcnce in '1'4 compared to other treatments. 

The complementary effect of FYM and mulching on the phosphorus 

solubilising capacity of PB is evidently revealed from the significantly lower 

values ror the LAI and total dry matter or plants in the absence or both 

FYM and mulch. Between FYM and mulching, mulching seems to be less 

significant in controlling vegetative growth. 
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(jood vcgl!lntive growth. whil:h is II pn.: requIsite I'm good Ylcld III 

banana, is thus ensured in plants where a combined application of PH, I'-Y M 

and mulch was made even when only 3/4 or even 1/2 the recommended 

level of phosphorus was used. 

Phosphorus, though a major nutrient has never been considered as 

directly responsible for a lushy vegetative growth. Nevertheless, for the 

proper growth and completion of life cycle of any plant, the rcquircment of 

phosphorus, though relatively smaller than Nand K is most essential. In a 

plant like banana with high leaf area index and high dry matter content, 

regular supply of phosphorus is essential to sustain high photosynthetic 

activity. Optimum supply of N ensures enhanced root growth, which 

promotes maximum J> absorption. J\s an efficient utilisation of J> in plants 

is preceded by P uptake, maintaining soil P in a concentration sufficient for 

root interception is important. The results of the study definitely assure a 

regular supply of P to plants fertilised with only 3/4 or 1/2 level of 

recommended P, provided they are inoculated with PB and supplemented by 

the use of FYM and mulching under careful management. 

It is interesting to note that, the plants which were given only a lower 

level of P but inoculated with PB were able to obtain adequate amount of P 

from the soil. Obviously, the PB have helped to sol ubi lise P from MRP .and 

maintain a situation wherein no P deficiency was experienced by the plant 

which otherwise would have reduced the vegetative growth and reflected in 

a lower plant height, girth and LAI. 
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The beneficial effects of PB on the vegetative characters and yield 

of banana need not entirely be attributed to the higher J> uptake made 

possible through the maintenance of a high available P in the soil. As 

suggested by Brown (1974) and Tinker (1980), it may be due to certain 

plant growth substances produced by them in the rhi/.ospherc These 

substances could cause plant growth stimulation which would result in a 

larger plant that naturally would contain larger amounts of P and other 

nutrients than a smaller plant. Such an action has been proposed by several 

Russian scientists as early as in 1962. Among these biologically active 

substances lAA, Giberellin and Cytokinin have been included (Barea et aI., 

1975). 

Among the vegetative characters, height and girth or the pseudostelll 

at various stages of growth and leaf production at vegetative stage showed 

positive and highly significant relationship with yield ranging between 60.3 

to 79.2%. Such a relationship has been recently reported in studies on the 

K nutrition of banana. (George, 1994). Absence of any significant 

difference in the vegetative characters of the banana plants provided with 

only 3/4 or 1/2 the level of recommended P compared to the plants receiving 

full level of P strongly upholds the beneficial influence of the bioagcnts in 

rendering sufficient P soluble and maintaining it in a plant available form 

in the banana pits. This is further confirmed when we compare the total dry 

matter yield and yield attributes of banana in the different treatments. 
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Dry mattcr contcnt of plant parts and total dry mnttcr production 

/\ perusal or the data on the dry maller or plant parls alld total dry 

maller production presented in tables 8 to 15 reveal that the application or 

3/4 level of P along with PB, FYM and mulch has resulted in the production 

of the highest amount of total dry matter compared to all the other treatments. 

With regard to the content of dry matter in the plant parts, lear petiole 

recorded the lowest value at all growth stages, whercas dry mallcr contcnt 

was highest in the rhizome at vegetative stage, pscudostclll at /lowering and 

bunch at the harvest. The pattern of partitioning of dry matter in banana is 

clearly evident from Ihese resulls. (;am, (I <)<)()) reponed lIIaxilllulII dry Illaller 

in lentil when FYM was applied along with RP, and observed that FYM 

alone augmented dry matter yield by 29.2% over control. 

In almost all cases, application of MRP along with PB but without 

FYM has resulted in a lower dry matter compared to the other treatments 

where FYM was applied. This result is again suggestive of the positive 

influence of FYM in promoting the functions of PB. 

Use of a lower level of P and inoculation of PSM along with FY M 

and mulch is thus shown to produce the same or a slightly better effect as 

compared to the addition of the full amount of fertiliser P recommended 

for banana. The findings from the study suggest that the adoption of these 

practices can effectively reduce the requirement of fertilizer P without 

appreciably affecting any of the vegetative characters or total dry mailer 
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produced. The provision of a continuous and steady supply of available P In 

the soli is important and it IS evidently ensured due to PH inoculatIOn. 

Similar findings have been reported in literature for various crops under 

diffcrcnt agroclimatic conditions. (UOOS el aI., I YY4). 

Yield and yield attributes 

The highest bunch yield of 10.68 kg plant- 1 which was significantly 

superior to the yield in all the other treatments was recorded in plants in T4 

supplied with 3/4 level of P (86g) as MRP, 10kg FYM and PB inoculation 

along with proper mulching. 

The second highest bunch weigh~ of 9.93 kg plant-I was produced 

by plants in TI (POP recommendations) which received full level of P (1lSgm 

P plant-I) as MRP and FYM, but without PB inoculation. This yield was 

not significantly different from the treatment where only half the 

recommended level of P was applied as MRP along with FYM, PB 

inoculation and mulch (T 5)' The results show that even half the 

rccollllllcmJcd levcl of P is sufficicnt to producc as IIlllch yicld as that or 

full level of P provided it is applied along with PB, FYM and mulch. 

Lack of supply of FYM had very conspicuously resulted in a lower 

bunch weight in the two treatments T 6 and T7, even though P was applied 

as MRP at 3/4 and 112 level along with PB inoculation. Similarly, the 

SHllle Icvcls or P when applied along with PH, FYM illld lIlulch gilve helle!' 
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yield response than the same treatments without mulch ('1'8 and T9 ). The 

necessity of mulching is clearly evident from the lower yield of banana in 

treatments without llIulch. 

Incrense in yield due to I~n inoculation 

Among the vanous attributes that contribute to the bunch yield of 

banana, weight of hands, number and weight of finger have shown a 

significant difference between treatments. These characters have shown a 

positive and highly significant relationship with yield and were significantly 

higher in treatment T 4' The results indicate the superiority of the use of PB 

culture in promoting an efficient utilisation of phosphorus even from lower 

levels of P resulting in greater bunch yield. It may be seen that by the use 

of PB culture, with only 3/4 level of recommended P, a yield increase of 

7.6% compared to POP recommendation and with only 112 level of P, a yield 

on par with POP recommendation can be achieved. The increase in yield in 

PB inoculated treatments compared to the uninoculated one is 24.6% with 

3/4 level of P and 36.0% with 1/2 level of recommended P. 

The independent effect of mulching, though lesser than that of P B 

or FYM should also be recognised as an important practice to promote the 

overall activity of PB leading to an increase in yield in banana. Use of FYM 

along with RP and PB has been reported (Gaur, 1990) to produce an increase 

in yield in grain and slraw in pulses alld cereals as cOl11pared 10 Ihe yield in 

plots not receiving FYM. It is thus very clear from the results of the study 
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that use of PB culture along with FYM and m~lch is an efficient method for 

increasing the P usc efficiency of banana from indigenous RP. 

The use of finely ground RP applied directly as P source to tropical 

soils is considered as an attractive option because they are cheaper than water 

soluble P fertilizers. Since the major objective of the study is to reduce the 

level of P application without affecting the productivity of the crop, the saving 

or fertilizer through the efficient utilisatioll of P ill MRP lIsilig bio agellts 

like phosphobacterin appears to be quite feasible. The study has thus proved 

the efficiency of PSM in providing enough soluble P from 3/4 level of 

recommended MRP to the crop resulting in an enhancement of yield not 

achieved through the application of the full level of recommended P for 

banana. 

In banana, the number of hands bunch-I, number of fingers bUllCh- l , 

weight of hand, length, girth and weight of fingers are considered as the 

determinants of yield (Stover and Simmonds, 1987). The application of 3/4 

level of recommended P along with PB inoculation, FYM and mulch has 

resulted in the maximum values for number of hands, girth of finger, weight 

of finger and weight of hand which was reflected in the yield also. This 

finding amply supports the assured supply of P to banana for the enhancement 

of yield attributing characters which has finally resulted in the attainment of 

highest yield. 
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This is further confirmed by correlation analysis where the positive 

rciutlOnship between /lumber of fingers, weight of finger and welghl or hand 

with yield of banana is established. The direct contribution of number or 

hands and fingers bunch-Ion yield as reported hy Teaotia el al. (1970), 

Sreerangaswumi el ai, (1980). Krishnan and Shanlllughavclu (1983). Kurien 

et al. (1985) and George (1994) is confirmed in the present study also. 

Hurvest index 

Harvest index which denotes the ratio between the yield of banana 

and total dry matter produced did not show any significant difference between 

various treatments. It was minimum in the treatment which did not receive 

any FYM and maximum where 1/2 recommended level of P was used along 

with PB, FYM and mulching. The influence of PB inoculation under 

appropriate conditions even with 112 level of recommended P is revealed in 

the harvest index of 0.23 obtained for this treatment. It may be noted that 

this particular treatment produced a yield of banana which was on par with 

the yield in plants receiving fertililzers as per POP. 

Fullncss indcx 

The fullness index which is an expression of the fullness of the fruit 

taking into account its weight and length of curvature is highest in the 

treatment '1'5 followed by '1'4 (7.1 and 6.8). This again points to the superiority 

of treatments T 4 and T 5 in producing fruits better in appearance compared 
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to fruits in other treatments. The beneficial effect of PB incoulation in 

prouucing goou quality banana bunches is also eviuenceu from these results. 

t> content and t> uptake in various plant parts of banana 

The highest content of P in the various plant parts such as leaf blade, 

petiole, midrib, pseudostem and rhizome at all growth stages as well as flower 

and fruit was invariably observed in the plants in T 4 which received 3/4 

level of recommended P as MRP along with PH inoculation, FYM and 

mulch. 

The parts of plants which received different levels of P without PH 

on the otherhand, contained only a lower P content. The high content of P 

in the different plant parts in various treatments may be attributed to the 

higher status of available P present in the soil at the particular stages. The 

introduction of PB has increased the solubility of MRP, rendering more P in 

an available form which in turn has contributed to a higher absorption 

resulting in a higher P content in the various parts. Thus it may be seen 

that, the mere addition of a high quantity of MRP to the soil alone does not 

ensure a high status of available P ready for absorption by a crop like banana. 

Increase in plant P concentration due to higher available P in soil as 

a result of PB inoculation has been reported in various crops by several 

scientists. laha el al. (1969), Azcon el al. (1976), Kundu and Gaur, (1980, 
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1984), Banik and Dey (1981) and Khalafallah el al. (198l,) have also 

confirmed that the inoculation of plants with PS organisms could increase 

the concentration of P within plants compared to the uninoculated control. 

The results of the present study also confirm this finding. 

The use of 3/4 of the recommended level of P (86g P plant-I) 

combined with PB, FYM and mulch hus resulted in the maximum uptake or 

P in the various plant parts. The lower P uptake in plants receiving a higher 

amount of MRP without PB is illustrated from the results presented in tables 

24 to 31 where a higher quantity of MRP (11Sg P plant-I) has failed to 

produce high biomass and high P concentration in plants resulting in a lower 

total P uptake. 

These findings are in confirmation with the reports of various scientist 

like Raltson and Mc Bride (1976), Kundu and Gaur, (1980, 1984) and 

Khalanlilah et al (1982), who have shown that inoculation with PH can 

increase both P uptake and plant growth in various crops. Increased P 

uptake in pulses due to inoculation with PH is recently reported by Vaishya 

et al. (1996). It may be concluded from the results that the greater solubility 

or MRP through tlw activity of PH has resulted in a high content of available 

P in soil which consequently has promoted the vegetative growth of banana 

plants. As a result, the dry matter production was high and along with the 

high P content of the plants has finally resulted in a higher total P uptake 

and yield. 
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Avuiluhh~ I' ill snil uilci les ,·ffN'. nil hUIIUlI1I 

Phosphorus, as a major nutrient has never been considered directly 

responsible for a lushy vegetative growth. Neverthless, for the proper 

growth and completion of life cycle, the requirement of P, though relatively 

lesser than Nand K is most essential. As phosphorus is an element 

highly immobile in soil and mobile in plant, the P nutrition of any plant 

is dependent on the amout of mobile P in a soil during cropping period. 

In a plant I ike banana with high leaf area index and high dry matter 

content, continued supply of P is important to sustain high photosynthetil: 

activity and growth. Optimum supply of N ensures enhanced root growth 

which promotes maximum P absorption from soil. As an efficient 

utilisation of P is preceeded by proper P uptake, maintaining P in 

concentration sufficient for root interception is imperative. 

The soil in treatment T 4' where only 3/4 level of recommended P 

was applied, has maintained available P (15.34ppm) at a level as that in 

the treatment receiving full recommended level of P (15. 18ppm) due to the 

positive effect of PB inoculation. The same trend was revealed in 

treatments T4 and Ts which maintained a higher status of available P when 

compared to treatments T 2 and T 3 receiving the same level of P but 

without PB inoculation. This evidently points to the specific effect of P13 

in solubilising insoluble P from MRP to an available form. 
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The influence or FYM and mulching on the activitv or PSM and P 

solubilisatioll call be further deduced from the lower status or available P III 

treatments which did not receive either FYM or mulch along with PH 

inoculation ('1'6 and T8). These results again confirm the essentiality of FYM 

and proper mulching for the efficient functioning or the bio agents in 

promoting P solubilisation from MRP. As compared to FYM, mulching was 

less effective in altering the solubilisation of P. The results presented in table 

35 show that a lesser amount of MRP when inoculated with PB can produce 

an equal amount of available P in soil compared to that achieved by the 

application of a higher level of MRP. The increase in solubility observed 

due to the lISC or P13 in combination with FYM and mulch along with 3/4 

/ level of P was 43 :and that with 1/2 level of P was 39% compared to the 

treatments which received the same levels of P but without PB. 

The beneficial effect of a combined application of PB, FYM and 

mulch along with MRP reflected in the overall superiority of vegetative 

characters of banana receiving only 3/4 and 1/2 level of the recommended P, 

reveal that the P supply in soil is not affected by the amount of RP added 

alone. The deficit of applied P seems to be more than compensated by a 

greater solubilisation or RJ> or a lesser reversion of soluble P resulting in a 

equal or higher amount of available P in the soil due to the effect of PI3. 

Improvement of vegetative growth and yield with increasing levels of P as 

reported by Ramaswamy (1976), evident in the present study also might be 

a consequence of the greater availability of P in the PB treated plants. 
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Role of PH in improving P availability 

Aspergillus awamori, Bacillus sp. and Pseudomonas sp. used as the 

bio agents in phosphobactcrin culture have been identified as specifically 

efficient for solubilising tricalciulll phosphate from MR/>, (Gaur, 1990). As 

stated by Narsian el al. (1994), the efficiency of a PH culture depends not 

only on the microbial strains used but also on the type of medium ie., whether 

synthetic, solid or soil where they are inoculated. It's efficiency in soil in 

turn is decided by the soil type, prevailing pH and other conditions favourable 

for microbial proliferation, in addition to the presence or absence of a 

growing crop. Besides all these, the differences in reactivity of rock phosphate 

arising out of the nature of apatite bond with which the P is held in the 

rock is also important. An interesting behaviour of these organisms in liquid 

culture (Ahmed and .lha, 1968) is the decrease in the rate of P solubilisation 

after reaching a peak. This behaviour is explained as due to the absorption 

of soluble phosphate by the fungal mycelia, which will be ultimately released 

by autolysis of the organism as stated by Agnihotri (1970). 

The results of a large number of laboratory and field studies have 

proved beyond doubt the increase in available P status in soil, increase 111 

plant dry matter production and yield in several cereal and pulse crops In 

India and abroad due to soil inoculation of PSM (Banik and Dey 1981, Kucey, 

1987, Asea el aI., 1988 and Datta and Bani k, 1994). The results of the 

present study arc in agreement with the above reports and identifies banana 

as a field crop showing positive response to an integrated use of PB, MRP 
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and FYM. The increase in status or available I' in the incubated as well as 

ridd soils receiving this package is evidence for enhanced P solubilisatioll. 

The superiority in vegetative growth and yield of banana obtained in the PB 

treated plots in the study amply supports this finding. 

The greater concentration of available P in soil receiving PB treatment 

may possibly be attributed to the additive effect of a greater P solubiIisation 

from MRP and a lower P fixation in soil achieved due to the chelation of 

the cationic counter parts like Fe and Al or the Pions hy the organic acids 

excreted by PSM (Sperber, 1958 and Katzne/son and Bose, 1959). A number 

of organic acids like lactic, glycolic, citric, malcic, oxalic and succinc acids, 
t 

all of which have chelating properties are reported (Sperber, 1958, Louw 

and Webley, 1959, Taha et aI., 1969 and Banik and Dey, 1981, 1982) to be 

produced in the soil by P13 in the presence of decomposing organic matter. 

It is also possible that PSM can produce effective chelating materials 

in the immediate vicinity of rock phosphate or in the rhizosphere (Moghimi 

et al., 1978). Under these conditions, P could be solubilised and be present 

in an available form in concentrations high enough to be available to plant 

roots, In the presence of chelating substances, it is not likely that all the P 

solubilised would be absorbed by the banana plant. Such a situation can be 

expected to be operating in the soils of the banana pits, where inspite of 

the comparatively higher P uptake by the plants, the available P status of' 

the soil continued to be high. 
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Role of J?YM in increasing the availability of P from MRP 

A high rate of soiubilisation of M RP was observed in treatments '1'" 
; 

!tnd 'J'5 slIpplil!"d with i;YM und PH «().2 und 7.05 pplll P respectively) whereas 

a lower P release was visualised when FYM was skipped in '1'6 and '1'7 (7.49 

and 5.23 ppm respectively). An increase of 23% of available P with 3/4 

level and 39% with 1/2 level was thus observed due to the eiTect of FYM, 

compared to the application of similar levels of MRP and PB, but without 

FYM. 

The mere introduction of PS organisms into the soil does not ensure 

a regular soillbilisation of P. An ample supply of easily decomposable organic 

compounds to serve as a source of carbon and energy for the growth of 

these heterotrophic organisms is essential Gaur and Sachar ( 1980) and Gaur 

and Gaind (1983) have shown that by increasing the concentration of glucose 

from 1-3% in the medium, the rate and quantity of RP solubilised by 

Aspergillus awamori was appreciably increased. The provision of FYM in 

the present study has apparently provided a source of organic matter which 

has favoured the rapid multiplication of the organisms in PB resulting in a 

progressive increase in available P status as evidenced from the results 

presented in tables 34 and 35. 

Partially decomposed organic matter in FYM stimulates and sustain 

the P solubilisers in an active state, making them more efficient in the soil. 

Banik and Dey (1981) have measured increased levels of available P in soils 
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to which FYM, RP and PH were added. FYM which is a mixture of the 

feed waste of animals and their dung and urine has a high load of 

heterotrophic microorganisms which continue to be active during storage also. 

Their continued action results in the decomposition of organic matter in FYM 

producing substantial amount of humus consisting of a mixture of humic 

and fulvic acids. The phosphate released as soluble P from MRP, which is 

not immediately absorbed by the plants is not subjected to fixation in the 

presence or this humified organic matter. Reaction of humus with P, fOrllllng 

phospho humic complexes which are more easily available to plants: 

replacement of the phosphate anion on the clay complex by humate anions 

and the coating of sesquioxide particles by hum LIS, thereby reducing P fixing 

capacity are some of the ways by which the P availability to crops IS 

improved by the lise of FYM (Datta et aI., 1992 and Datta and Banik, 

1994 ). 

The specific effect of organic matter in stimulating P solubilising 

activity of microorganisms has been amply reported In literature 

(Venkateswarlu, 1984; Gaur, 1990 and Yadav and Singh, 1991). 

The higher solubility of P observed in the present study may be 

attributed to the formation of phospho humic complexes also as proposed by 

Thomas (1981), Jorg and Herman (1982) and Fernando and Hugo (1983), in 

addition to the factors discussed above. 
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A positive response of PH has been reported (Chhonkar, 1(94) in 

soils with high organic matter content and low 1'. Reports (Dalla and Ba/lik, 

19(4) also reveal that the application of poultry manure can serve as energy 

material for several PSM resulting in increased rice yields. The importance 

of FYM / organic matter is releasing a relatively high level of available P is 

evident from the higher P content in the treatments with PH and FYM In 

the present study. 

A higher vegetative growth, yield as well as available P status in the 

soil, P content and P uptake in the plant in treatments with FYM, all point 

to the beneficial influence of FYM / organic matter in promoting an efficient 

solubilisation as well as utilisation of P from MRP. A steady supply of 

plant utilisable P needed for the banana crop right from planting to bunch 

maturity IS thus attained by the combined use of FYM and PB along with 

MRP. 

50% increase in the dry matter yield of maize 111 the treatments 

receiving FYM along with PI3 has been reported by Sahoo and Misra (1995). 

Datta and Banik (1994) have observed a tangible decrease in P fixing capacity 

of soils due to the combined application of MRP, poultry manure and PSM 

assuring a slow but steady supply of P which is not vulnerable for fixation. 

The same effect might have prevailed in the banana pits, where the maximum 

availability of P to the plant was assured under the favourable conditions 

created by the use of PB, FYM and MRP. The integraed use of MRP, FYM 
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1I1H.i I'H hlts thus helpcd tu plOviJc thc CSSClltllll lllltllClltS III a balall(;cd alld 

efficient manner to the banana crop. 

Effect of lIIulching on PSM nctivity 

A positive clrect of mulching was observed on the activity of 1'13. 

When mulching was provided, the extent of solubilisation of P increased 

from 7.49ppm observed in uninoculated soil to 8.30ppm in the inoculated 

soil lor the 3/4 level of P (T4 ). But for 1/2 level of P cr~J under the 

influence of mulching the available P increased from 5.23 ppm In the 

uninoculated soil to only 5.89 ppm in inoculated soil. 

The increase in the content of available P was 10.81 % for 3/4 level 

and 12.62% for 1/2 level. The results reveal a lesser effect of mulching 

compared to FYM in promoting P solubilisation by PSM. Mulching the soil 

has been shown to raise the soil temperature in red and laterite soil (Jayasrec, 

1987) resulting in an increased transport of soluble P in the soil by diffusion 

(Tisdale et aI., 1915) leading to an enhancement in its uptake by plants. 

Mulches are generally used for conservlllg soil moisture and for 

increasing soil temperature. Both these conditions are known to stimulate 

biological activity and result in greater nutrient availability. Othieno (1973) 

has reported a resultant increase in available P status, improved plant growth 

and dry mailer production consequent to the use of organic mulches like 

paddy husk and rice straw in banana. A greater mobility of P by diffusion, 
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on uccount of the higher temperature maintained by mulching was also 

noticed by him. III the present study also, whell MRP was solubilised undcr 

the combined influence of PB, FYM and mulch, a greater P mobilisation 

leading to higher P uptake and improved dry matter production and yicld 

has been achieved. 

Indcxing of ,)Iant part in banana cv. Ncndran for I' status 

Lundegardh (1935) defined index plant part as that part of a plant 
. 

which gives the highest predictability on yield. lIewitt (1955), Boland (1980) 

and Prevel et al. (1986). considered the third leaf in banana as the index 

leaf. Lahav, (1972, 1977) had earlier identified petiole as the best plant 

part to estimate the P status which has been further confirmed from field 

studies in banana, vaf. Dwarf Cavendish. However, such a study has not so 

far been carried out with banana cv. Nendran which maintain only a 

comparatively lesser number of active leaves than the cavendish varieties. 

The magnitude of corrclation bctwcl!1l P contl!llt ill pl!tiole. lamina 

and midrib of the third leaf at different stages with yield was highest in the 

fifth month at the shooting stage. Warner and Fox (1977) and Turner (1980) 

the best time for sampling in banana cv. Williams and Giant Cavendish. In 

case of banana cv. Nendran, the highest R2 value of 73-75% was noted 

with the P content of petiole and lamina and midrib with yield at all stages 

of sampling. Since P content in the three plant parts showed an equally 
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high degree of association with yield, it follows that any part of the third 

leaf at the nowcring stage Illay be used as an index part for P. Ilowevcr, as 

the maximum association of 75% is shown by the petiole and lamina, these 

two parts may be considered equally suitable for predicti ng the P level which 

hears a relationship with yield. 

P content at the late vegetative stage (before flowering) in petiole of 

banana cv. Nendran has been recently identified as the ideal index part 

(George, 1994) for estimating K level which bear maximum relationship 

with yield. Since petiole has been identified as the index part for P also, it 

follows that for both P and K, petiole at late vegetative I flowering stage 

Illay be indexed as the ideal plant part in banana CV. Nendr'lI1. 

.Fruit quality 

Even though the vegetative and yield characters in the dillerently 

treated banana plants showed significantly variation, no appreciable difference 

in the quality of ripe fruits was revealed. 

As seen from the forcgoing discussion of results, the variation In 

vegetative and yield characters has been attributed mainly to the variation in 

P levels only, as Nand K were applied uniformly at recommended levels in 

all trcatmcnts. At the sallie tillie, variations in thc J> statlls of soil have 

definitely aflected these plant characters, revealing the efTi<.;iency of PH 

inoculation in altering the P status of soil and plant. The plants receiving 
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even hall' the recommended level or J> along with PB did !lot appear to be 

affected by allY serious deficit of P. 

As Ihe flull qualily ill hallalla is kllOWII (H:lIl1l1h :lIId Mohlill (I ()HO). 

George (1994) and Sheela (1995) to be highly influenced by K, j()llowed by 

N, a slight variation in P content might not have afTected any of the characters 

such as protein, total sugars and tritrable acidity. The values for these 

parameters obtained in the present study are in agreement with those reported 

in banana cv. Nendran by George (1994) and Sheela ([995). 

The content of total soluble solids, total sugars, reducing sugars, non 

reducing sugars and titrable acidity did not differ significantly between 

treatments indicating that the variation in P status of soil and plant has not 

seriously influenced any of these characters. There was not much variation 

in the protein content of the fruits since the same level or N was applied for 

all the plants. 

Economic considerntion 

A comparison of the cost of inputs and yield of banana from plants 

receiving fertilizer as per POP recommendation with that receiving only 3/4 

level of P along with PB shows that, with an additional input of Rs. 0.30 

plant-I, a yield increase of 7.5% leading to an additional income or Rs. 8.70 

plant-I ((l~ Rs. 12 kg-lis ohtained. This works out to a total all10unt of Rs. 

21750 ha- I (2500 plants ha- I). At the same time, a comparison or POP 



171 

recommendation with 112 recommended level or P and P13 shows no 

difference between the cost of inputs and the yield obtained. Therefore, it 

may be concluded that for a higher net return from banana cultivation, along 

with other inputs, use of 3/4 level of P with PB may be considered as a 

viable alternative to the present POP recommendation (Appendix 2). 
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SUMMARY 

With the mam objective to study the efficiency of phosphobacterin 

culture in increasing the utilisation of P from MRP, a laboratory incubation 

study and a field experiment with banana cv. Ncndran were conducted at the 

FSRS, Kottarakkara where the soil is a typical laterite classified in soil 

taxonomy as "Plinthic Kandiustult". The salient results of this study are 

summarised below. 

Incubation study 

Representative soil samples of FSRS, Kottarakkara was incubated at 

60% WHC under laboratory conditions for a period of 90 days to study the 

pattern of P solubilisation under the intluence of phosphobacterin along with 

different inputs. Periodical changes in pH and available P with progressive 

incubation was monitored. 

There was only a slight variation in the pH of soil upto 20 days due 

to the effect of different inputs. After 20 days, the soil showed a tendency 

to become slightly acidic reaching a mean value oj' only 5.() from the initial 

pH of 5.7. 
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The P solubilising effect was maximum with a combination of PB, 

FYM and MR.!>. At the end o/" YO days incubation, out o/" the IOOppm P 

appl ied as M RP, a maxi mum of 19.3 I ppm P became avai lable in this 

treatment. The P solubilised in the unamended soil was only 3.YO ppm and 

in the other treatments receiving FYM, lime and MRP either alone or III 

different other combinations, the values ranged from 9.2 J to 16.73ppm. 

J?ield experiment 

The salient results from the field experiment conducted to evaluate 

the efficiency of P solubilisation from MRP inoculated with PB and its effect 

on growth and yield of banana arc summarised. 

The application of 3/4 level of the recommended P along with PB, 

FYM and mulch has produced a significant positive effect on growth and 

yield characters compared to all the other treatments including the treatment 

as per package of practices recommendations of the KAU. 

Among the vegetative characters, plant height, girth of pseudostem 

and total dry matter production were highly influenced by this treatment and 

the values for these parameters were significantly higher compared to those 

in all the other treatments. 

Most or the vegetative characters such as plant height at flowering, 

girth at the base of the pseudostem at vegetative and flowering stages, girth 
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at 20cm height at the three stages, girth at 1m height at vegetative and harvest 

slages am! Ihe Illllllher or leaves per plulil al Ihe vcgeluli vc siage. showeJ a 

sigllificallt Hlld positive cOITl'latioll with yield 

The highest bunch yield of 10.68 kg plant- f, which was signi ficantly 

supenor to the yield in all the other treatments was recorded by plants 

supplied with 3/4 level of recommended P as MRP, 10 kg FYM and P/3 

inoculation with proper mulching. The increase in yield in this treatment 

was 7.55% higher than the yield from plants given fertilizers as per the POP 

recommendations of the KAU. 

The second highest bunch weight of 9.93 kg plant- f was recorded 

by the plants which received the full recommended level of P along with N 

and K (POP recommendation). This yield was on par with the yield obtained 

in the treatment where only 1/2 the recommended level of P was used along 

with PB, FYM and mulch. 

Use of 3/4 level of recommended P along with PH, FYM and mulch 

resulted in the highest values for number of hands, girth of finger and weight 

of hand in the banana bunch. 

An increase in yield of 24.6 and 36.0% was obtained when 3/4 and 

112 the recommended P level was applied along with PB inoculation when 

compared to the treatments receiving the same level or P but without 

inoculation. 
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Use of FYM was found to be an essential practice to obtain the 

maximum benefit from the use of PH. This was evident frol11 the lower 

yield of banana as well as lower dry matter produced in treatments receiving 

PB without FYM. Application of FYM along with PB inoculation for the 

treatments where 3/4 and 1/2 levels of the recommended P were appl ied, 

resulted in a yield increase of 47.3 and 36.2% over the corresponding 

treatments without FYM. 

The supply of a high level of plant available P in the banana pit was 

evident from the highest content of P in the various plant parts such as leaf 

blade, petiole, midrib, pseudostel1l, rhizome, flower and fruit in the plants 

which received 3/4 level of the recommended P as MRP along with PB 

inoculation, FYM and mulch. This observation again substantiates the 

complementary effect of PH, FYM and mulch in promoting greater P 

solubilisation and resultant availability of P to crop. This is further evidcnced 

from the similar values for available P in the soil of the banana pit receiving 

3/4 P (15.34ppm) and the treatment with full level of P (15. ISppm). 

Available P content in soil, plant P contcnt, P uptake, dry matter 

production and other yield attributing characters in banana were thus found 

to be favourably influenced by the use of PB along with a lesser level of P 

than what is recommended at present. 

A positive and significant correlation between yield and available P 

status in soil was noticed from the second month onwards. The available P 
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content in soil at the three growth stages of banana plant showed significant 

and positive correlation with total dry matter produced at the respective 

stages. 

Among the yield attributes in banana. the numher or ringers per bunch 

(r = 0.675) weight of finger (r = 0.74 I) and weight of hand (r ~ 0.751) 

showed a significant and positive correlation with yield. 

Petiole and lamina of the third leaf were identified as the best plant 

part or index for estimating P content as it was observed that about 75% of 

the variation in yield of banana could be attributed to the P content in these 

parts. It is suggested that both these parts may be considered as equally 

ideal for predicting the P level in banana which bears a relationship with 

yield. 

Path coefficient analysis of yield parameters revealed that the weight 

of finger is the most important character which determined the yield. The 

direct effect of number of fingers along with the indirect effect via. weight 

of finger with yield contributes to 50% of the variation in yield. 

Among the parameters determining the quality of fruits, the highest 

content of total soluble solids, total sugar content and sugar-acid ratio were 

recorded by the fruits in T 4' which apparently received a higher amount of 

available P from the soil and favoured by the biological activity of PH. No 

appreciable difference in the quality of ripe fruits was revealed between 
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treatments possibly due to the uniform application of Nand K, the nutrients 

which are most decisive in producing good quality banana fruits. Since the 

fruit quality is known to be highly influenced by K followed by N, a variation 

i n J> con ten t III i g h t not h a v e s i g n i fi can t I y a rfe c ted any 0 f the qua lit Y 

parameters. 

It may be concluded from the results of the study that for increasing 

the efficiency of utilisation of applied P to banana in the acidic laterite soils, 

a combined application of MR.P and PB along with FYM and mulch is 

essential. This package was found to be very effective in increasing the 

available P status of soil, promoting plant growth and increasing the yield 

of banana with a lower level of P than what is recommended at present. 

For achieving a higher net return from banana cultivation along with 

other inputs like FYM an.d mulch, the use of 3/4 level of P and PB 

inoculation may be considered as a viable alternative to the present POP 

recommendation. 
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APPENDICES 



AI'PENDIX 1 

Main meteorological parameters (monthly mean) during the cropping period 
(.January 1994 to December 1994) 

Month 

1994 

January 

February 

March 

April 

May 

June 

July 

August 

Seplemher 

October 

November 

December 

Relative 
lIumidity 

% 

78 

80 

80 

53 

66 

72 

83 

77 

I)() 

85 

75 

80 

Temperature °C 

Maximum Minimum 

32.4 16.5 

34.0 16.5 

33.8 16.8 

31.9 17.4 

31.4 17.7 

27.9 16.4 

27.8 15.6 

27.9 15.8 

HU Ih.1 

29.3 15.4 

29.4 15.6 

30.6 15.7 

Total 
Rainfall 

(mm) 

107.0 

42.8 

144.9 

146.6 

431.9 

180.5 

229.5 

.' .. '() h 

343.6 

43.0 

59.2 



APPENDIX - 2 

Economic consideration 

In the field experiment, the cost of labour, plant protection chemicals, FYM. nitrogenous and potassic 

fertilizers was uniform for all the treatments. A comparison of the cost of inputs and income from yield per 

plant between T I (POP recommendation) and the best treatment T 4 (%P -i- PB) excluding the common 

expenditure is made as follows: 

Treatment Cost of Cost of PB Total Yield of Income from Net return 
MRP @ Rs. 3.00 expenditure banana sale 

200 g-I kg-! @ Rs. 12kg-' 
Rs Ps Rs Ps Rs Ps Rs Ps 

1.25 1.25 9.93 119.16 117.91 

0.94 0.60 1. 54 10.68 128. 16 126.62 

,-

It rna\' be seen that an additional income of Rs. 8.71 per plant is achieved in treatment T 4 eo ropcw-ed to T 1 



INCREASING PHOSPHORUS 
IN USE EFFICIENCY 

BANANA ev. NENDRAN 

By 

SIIEIIANA, R. S. 

ABSTRACT OF A THESIS 

SUBMIITED IN PARTIAL FULFILMENT OF 

THE REQUIREMENT FOR THE DEGREE OF 

DOCTOR OF PHILOSOPHY 

FACULTY OF AGRICULTURE 

KERALA AGRICULTURAL UNIVERSITY 

I>EI'ARTMENT OF SOIL SCIENCE AND 
AGRIClJLTlJRAL CHEMISTRY 
COLLEGE OF AGRIClJLTURE 

VELLAYANI 
TIIIR(JVANANTIIAP(IRAI\I 

1997 



1 

ABSTRACT 

The efficiency of phosphobacterin culture in increasing the availability 

of phosphorus from MRP and the resultant effect on the growth and yield or 

banana, cv. Nendran was evaluated by conducting laboratory incubation and 

field studies at FSRS, Kottarakkara during 1993-96. 

Representative soil samples from the field at FSRS, Kottarakkara were 

mixed with MRP, PH, PYM and lime in different combinations and incubated 

at 60% WHC for YO days. There was only a slight variation in the pH or 

soil lIpto 20 days due to the effect of different inputs. After 20 days, the 

soil showed a tendency to become slightly acidic reaching a mean value of 

only 5.6 from the initial pH of 5.7. 

The P solubilising effect was maximum with a combination of PU, 

FYM and MRP. At the end of 90 days incubation, out of the 100 ppm P 

applied as MRJ>, a maximum of 19.31 ppm J> became available in this 

treatment. P solubilised in the unamended soil was only 3.90 ppm and in 

the other treatments receiving FYM, lime and MRP either alone or in different 

other com binations, the val ues ranged from 9.21 to 16.73 ppm. 
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The application or 3/4 level or the recollllllcndcd P alollg with PB, 

FYM and llluich has produced a significant positive effcct on growth and 

yield characters compared to all the other treatments including the treatment 

as per package of practices recommendation of the KAU. 

The highest bunch yield of' 10.68 kg plant-I, which was signiricantly 

superior to the yield in all the other treatments was recorded by plants 

supplied with 3/4 level of recommended P as MRP, 10 kg FYM and P8 

inoculated with proper mulching. The increase in yield in this treatment 

was 7.55% higher than the yield from plants given fertil izers as per the POP 

recommendations of the KAU. 

The second highest bunch weight of 9.93 kg plant-I was recorded by 

the plants which received the full recommended level of P along with Nand 

K (POP recommendation). This yield was on par with the yield obtained in 

the treatment where only 1/2 the recommended level of P was used along 

with PB, FYM and mulch. 

The usc or FYM and Illulching was round to be an essential practice 

to obtain the maximum benefit from the use of PB. 

It may be concluded from the results of the study that for increasing 

the elTicicncy of utili7.ation or arrlied r to banana in the acidic laterite soils, 

a combined application of MRP and PH along with FYM and mulch is 
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essential. This package was found to be very clTective ill increasing the 

available P slatus or soil, promoling plant growth and increasing the yield 

of banana with a lower level of P than what is recommended at present. 

For achieving a higher net return from bunana cultivation along with 

other inputs like FYM and mulch, the use of 3/4 level of P and PB 

i Iloculation may be considered as a viable alternative to the present POP 

recommendation. 
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