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INTRODUCTION

with the possible exception off nitrogen, no other 
element is as critical in practical agriculture as 
phosphorus, it is involved in s wide range of processes 
fro® permitting cell division to the establishment of s 
well developed root system* to ensuring timely and uniform 
ripening of the orop. Thus, it* a role in crop production 
is well known and needs no emphasis.

In India, the consumption rats of phosphatic 
fertilisers has not kept paoe with that of nitrogenous 
fertilisers. The relatively high cost of chemically 
processed phosphatic fertilisers may be one of the reasons 
for such a trend. Direct application of cheap reactive 
ground rodkphosphates to the soil is a fruitful attempt in 
this direction. Use of rockphosphate in countries like 
India deserves special consideration in view of the factors 
such as growing shortages and ever rising prices of soluble 
phosphates, and better residual effects of rockphosphate 
in soil coupled with the fact that# more than 30 per cent 
of the available land in India is covered by acid soils* 
there rockphosphate could prove a suitable source of 
fertiliser p.

the soil situation plays s dominant rola on the 
release of phosphorus and in turn, the response of crops
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to P application. The recovery of applied phosphatic 
fertilisers by most of the crops ranges from 20 to 30 
per cent only (Mandal and Khan, 1975). in general, ground 
rockphosphate Is most effective when used in acid soils 
(pH less titan 6.0) extremely deficient in available P or 
with high P fixing capacity. Use of rockphosphate is one 
of the cheapest ways to supply p to crops provided the 
soil has the capacity to dissolve rockphoaphata and has 
sizeable amounts of native available P to take care of 
the Initial stage of growth of the crop.

the Information available on the utilisation of 
Cheap rockphosphate under upland acid soil conditions is 
very meagre. Hence the present study lays stress on the 
efficiency of different P sources on ralnfed 'Hendran' 
banana.

Banana la one of the most Important fruit cropa of 
Kerala and the state ranks first in acreage accounting 
for about 19000 ha with a production of about 250000 tonnes 
(Anon., 1969). Eventhough 80 per cent of this crop is 
grown under ralnfed conditions, only very few nutritional 
studies have been done in ralnfed bananas especially with 
phosphatic fertilisers.

Various studies indicate that the addition of PjOj 
in water soluble form in the laterite soils enhances P
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fixation and in turn reduces the availability of t  fo r the 
crop (Tendon, 1976). Bat rockphosphetes heve been found 
to be suitable fo r acid soils) whore it is first disinte
grated by the soil acidity and the P ions released react 
with soil constituents (Histry and Yadav, 1981; Yadav and 
Mistry, 1984).

The efficiency of raw rockphosphate is only 25-50 
par cent as compared to superphosphate but it’s efficiency 
can be improved by liberal application using it in conjunc
tion with aaeneteents like pyrite, organic matter, farmyard 
manure, compost (Singh f| j&., 1980i Marwaha and Kanwar, 
198li Nageeb, 1989). The mixing of organic matter with 
rockphosphate enhances the availability of P from the 
insoluble source by it's dissolution. The present study 
throws light on the influence of organic matter in the P 
releasing capacity of soils to Which various phosphatic 
fertilisers are added.
Thus, the objectives of the study includes
(1) to study the comparative efficiency of different 

sources of phosphatic fertilisers under upland soil 
conditions with banana as the test crop.

(2) to find out the influence of organic matter on the 
release of phosphorus from different P sources.
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2. REVIEW OF LITERATURE

Among the fruit orapi, banana has s prominent 
place in Kerala. Though 80 per cent of this crop Is grown 
under ralnfed conditions, only very few nutritional studies 
have been reported on ralnfed banana, especially with 
respect to the different phosphatic fertilisers. The 
literature pertinent to the subject of interest viz., 
“comparative efficiency of different phosphatic fertilisers 
in ralnfed Mendran banana" is briefly reviewed as under.

2.1. Effect of phosphorus on growth
2.1.1. Haight and girth

Jagirdar and Ansari (1966) observed an increase in 
stem girth on Basrai variety of banana due to phosphorus 
application 9 48 lbs acre”*. According to Ramaswamy (1976) 
there was an increase in paaudoatam height with PjOj upto 
60 g plant”1.

On the nutritional investigation in Nendran banana 
ahavoni Sankar (1980) reported that phosphorus, within 
limits could increase the height and girth of the plant.
The increase was noticed upto 30 g of phosphorus but 
further increase led to reduction in plant height.

chattopadhyay and Boea (1986) in their studies with 
the Cv. Giant Governor found a significant increase in
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plant height and girth for phosphorus applied singly or 
in various comolnations 5 45mP0 g plant”1.

2.1.2. Number of leaves and leaf area

Chattopadhyay and Bose (1986) observer significant 
increase in leaf number when phosphorus was tried at 48 
and 90 „ plant”1 over control, in the variety slant 
Governor. According to Seena Uatesh (1987), the morpholo
gical characters such as number of functional leaves and 
total leaf area were not significantly Influenced by 
various treatments with NPK.

2.2. Effect of phosphorus on yield and yielo paiameters

bin al. (1962) studied the optimum nitrogen, 
phosphorus and potassium ratio for bananas and observed 
comparatively less effect for phosphorus application than 
nitrogen or potassium on the yield of banana. But, Jagirdar 
and Anaarl (1966) in their studies on the effect of N, P 
and K on the growth and production of Cavendish banana 
reported that plants receiving phosphorus produced heavier 
fruit bunches than the control. According to ahan (1967), 
phosphorus did not produce any appreciable response in 
yield under Indian conditions. But, I application 
increased the yield in Maharashtra. Turner and Bull (1970) 
reported comparatively better yield for an annual dose of
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55-110 kg P ha”1 in Haw south Wales. Taaotia at al. (1972)
therevealed that growth and yield wars highest when plants 

were supplied with 600 g superphosphate. Koen gt al. (1976) 
in Levebu area observed that an annual application of 110 
230 g superphosphate plant”1 was adequate for optimum 
yields mid good quality fruits. In the studies on the 
effect of spacing and nutrition on growth and fruit yield 
of Kobusta banana, Kohli gt al. (1976) reported that 155 g 
TjOg plant”1 year”1 was the optimum fertilizer dose for 
giving maximum fruit yield. Singh at gd. (1977) studied 
the effect of npk fertilisation on growth, yield and quality

eslof Basrai banana in up and they found that 90 g P2o5 plant 
gave the highest yield. Pillal e£ â . (1977) studied the 
response of Nendran banana to different levels of N , P ,  
and 6 with 0-228 g N and P and 0-456 g KjO plant”1. Accord
ing to them, there was little or no response to r.

In a trial with Giant Cavendish and Dwarf Cavendish 
cvs., the effects were compared of potassium dihydrogen 
phosphate (2 per cent solution) applied either as a spray 
to the bunch alone or to the whole plant or as a soil 
drench, a  marked increase in fruit volume and wei jht were 
recorded by Venkatarayappa eg jd. (1978) in all the treat
ments. According to Bhavani Sahkar (1980), the bunch 
weight was influenced significantly by N and P treatments.
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The highest bunch weight wee recorded with 100 g N and 
30 g P plant”1, which waa on par with 15 g P plant”1. 
Therefore, 15 g P plant”1 appears to be optimum for •NenOran' 
banana grown under garden land conditions.

In a 4 year trial by Shaikh ag. (1985) with 
Baaral banana which received 225 and 450 kg p2°s ha”1, the 
optimum P with regard to plant growth and yield was reported 
as 393 kg P2°5 8®«na Nateah (1987) studied the affect
of split application of fertilizers in banana Cv. Mendran 
and reported a maximum bunch weight of 11.13 kg by plants 
treated with 140 g p2°5 plant”1 year”1 in two splits.

yield parameters

Bhangoo ett al. (1962) reported that 160 Ids of p 
plant”1 increased the yield and average number of hands 
bunch”1, sundar Singh (1972) studied the effect of nitrogen 
and potash on hobusta oanana and according to him, the 
length of fruit was more under N p treatments than K P 
treatments. In a 4 year NPKCa trial with Mendran banana 
in Kerala. Veerarayhovan (1972) reported significant 
increase in the number of fruits with the application of 
228 g Pj°5 plant”1 year”1. In another experiment with 
'Robuata' as test variety, the number of hands bunch”1 
was found to increase with 60 g F2°5 Plant~1 (Hamaswamy,
1976). Manica et gl. (1978) studied the response of banana



Cv. Uanicao to fertilisation with 3 level® of nitrogen, 
phosphorus and potassium. The best result with regard 
to number of hands and fingers bunch”1 was obtained for a 
treatment receiving 300 g P2°S •

2,3. dffect of phosphorus on total drymatter production

Drymatter production in banana is influenced by the 
variety, climate, soil and plant nutrients.

3havani banJcar (i960) found that the total drymatter 
proauction in banana var. !tendran did not show much varia
tion between the np treatments at various levels. Total 
drymatter production was in the range of 6. 68 to 7.06 kg 
plant**1. The drymatter production due to increased doses 
of N and P was not perceptiole since the lowest levels of 
!! and i> produced drymatter as that of the one by highest 
levels, a dose of 15 g P plant”1 was founc to be optimum 
in the production of maximum drymatter. Dave et gl. (1990) 
studied the influence of plant nutrients on the growth of 
banana cv. 'Basra!' in deep black soils of South cujarat 
and recommended 180 g each of ffPK plant”1. They further 
reported that there was gradual increase in drymatter in 
all the plant parts throughout the growth period but the 
rate of increase was proportionately very low.
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2.4. Uptake of P

Jauhari et al. (1974) reported that the uptakes of 
phosphorus was very rapid during the first few months of 
plant growth and thereafter decreased. This indicates 
that the nutrient requirement for banana is maximum during 
the Initial growth phase.

Filial (1975) observed that the uptake of P was 
comparatively higher in plants with more number of func
tional leaves. In the studies by Veorannah ot (1976) 
on the nutrient uptake in Robusta and Poovan, they noticed 
that the P requirement of Robusta differs from that of 
Poovan, kobusta requiring 75 kg P2°5 ha”1 while Poovan 
35 kg ha”1.

Valsamma Mathew (1980) observed that the uptake of 
phosphorus by banana plant was high both at shooting and 
harvest stages. In general, uptake of phosphorus increased 
with the advancement of growth of plants, as in the case 
of nitrogen, phosphorus uptake was more In the vegetative 
phase of the crop and prominent in the laminae.

Bhavani sankar (1980) revealed that phosphorus 
requirement of Handran banana was lower at least when 
grown under garden land conditionsi 'Handran' banana
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requires less P than tha others. However, the uptake of P 
was found to increase significantly with the increase in P 
levels and no significant difference was observed by 
increasing P from 15 to 45 g plant”1.

shaala (1982) studied potassium nutrition in ralnfed 
banana var. 'Palayankodan* and reported that tha total 
uptake of phosphorus continued to increase throughout the 
crop growth. Due to tha synergestic relationship that 
existed between potass!ten and phosphorus, the increased 
doses of potassium significantly increased the uptake of 
phosphorus. Tha phosphorus uptake by banana was very low 
compared to that of nitrogen and potassium. The maximum 
uptake of phosphorus was recorded during the period between 
late vegetative phase and shooting, a decrease in the 
content of phosphorus was observed after shooting stage 
indicating a possibility for mobilisation of the nutrient 
to the reproductive parts of the plant. Uptake of P com
pared to M and K was reported to be little, and little or 
no response to p in banana was pointed out by several 
workers (Morris and Ayyar, 1942} Turner, 1969s Rajeevan,
1985). Based on the investigations on the P uptake at the 
Banana Research station, Yaval (India), Dagade (1986) 
recooraended 40 g PjOg plant”1. Du Plessis (1987) reported 
that nitrogen applications increased the uptake of phosphorus.



2.5. Foliar nutrient status In banana

analysis of tha leaf tissue or any other specific 
plant part is usually being done to determine the nutri
tional status of the plant, on the basis of these analyses, 
we can improve the final yield by taking remedial measures 
against nutrient deficiencies or toxicities or nutrient 
imbalances. Results of leaf analysis may be applied with 
great precision for establishing interrelationship between 
the amount of fertiliser added to soil in which the crop 
is grown, the concentration of major elements in leaf 
tissue of the crop after the fertiliser addition and fruit 
yield of the crop. The relationship will help in predicting 
fertiliser rates for desired optimum level of nutrient 
concentration In leaf tissue and subsequent fruit yield 
(Randhawa et al.. 1973).

Ashok Kumar (1977) studied the growth and development 
of banana var. 'Hobusta* and he observed that the leaf 
concentration of nutrients at shooting ranged from 0.9b to 
2.66, 0.11 to 0.37, 3.60 to 5.00 per cent N, P205 and .'20 
respectively.

Samuels gt al,. (1978) reported that the leaf samples 
from unfertilised plots contained 0.28 per cent P at 10 
months after planting. Ramires et al. (1978) analysed the



first and third laaf of Dwarf Cavendish banana at various 
stages of plant growth viz., before flowering and at the 
time of formation of fruit Mid found that tho concentration 
of phosphorus was lower in the third leaf than in the first 
leaf and occasionally was below 0.19 per cent.

Salakrishnan (1980) reported that the distribution 
pattern of phosphorus in different organs of the plant was 
similar over different sites in 'Hobusta' banana. At all 
stages of growth, leaves and pseudostem contained substan
tial amounts of phosphorus, while in vegetative ghaso, corn 
contained the maximum. Valsamma Mathew (1980) observed 
that the phosphorus content in the third leaf at shooting 
stage ranged from 0.14 to 0.17 per cent in ‘Palayankodan* 
banana. In banana plants, the nitrogen and potassium 
concentration in the third leaf during and after flowering 
decreased, while leaf Ca increased and phosphorus and Hg 
remained constant (Garcia eg al.. 1980). Turner (1980) 
suggested that the flowering stage of the plant was 
physiologically best for sampling in leaf analysis.

Valsamma Mathew (1980) observed that the nutrient 
status of the third leaf at shooting stage ranged from 
1.33 to 2.08. 0.14 to 0.17 and 2,05 to 2.76 per cent for 
N, t and A respectively. Krishnan and shamugavelu (1980)



in a study on water requirement of banana, analysed leaf 
nutrient concentration and total uptake of nutrients mid 

observed that the critical leaf concentration of nitro on, 

ph.<£3i horua, anu potassium at shooting stage ranged from 
2.32-2.44, 0.22 to 0.25 and 3.97 to 4.19 per cent respec

tively.

Beena Nateah (1987) reported that compared to 

nitrogen ana potassium, phosphorus concentration was low 

(0.66-0.69 per cent). Dave ££ ajl. (1990) in their studies 

on the nutrition and growth of banana Cv. *Basrai* in deep 

black soils of South Gujarat found that t content in the 

leaf ranged from 0.25 to 0.13 per cent. The concentration 

of phosphorus was marginally Increased with the increase 
in fertilizer level but decreased with the age or the 

plant. The critical concentration suggested was 0.2 per cent 

in the third leaf.

2.6. Phosphorus availability as influenced by or anlc 
matter addition

Most of the phosphorus present In soils is not 

readily available to plants. When phosphatic fertilizers 
are added to soils, phosphorus is often fixea or rendered 
insoluble and unavailable to plants even under ideal soil 

conditions. Hence large quantities of phosphatic ferti
lizers need to bo applied to the soil, avanthoucj-i crop



removal of phosphorus is comparatively less. Thus, 
increasing the availability of native soil phosphorus and 
reducing fixation are the major fields of scientific 
importance with respect to phosphorus nutrition of the 
crops.

From various findings it is quite evident that 
organic matter and microorganisms strikingly affect 
phosphorus availability. Products of organic matter decay 
such as organic acids and humus are thought to be effactive 
in forming complexes with iron and aluminium compounds. 
which reduces phosphorus fixation to a remarkable degree, 
some of the salient works in this regard are reviewed as 
underi

According to Vyas and Motlramanl (1971) addition 
of organic matter to the soil increased the availability 
of native as well as applied phosphorus. Mandal and Khan 
(1972) studied the affect of organic matter on tha release 
of phosphorus from insoluble phosphatic materials such as 
rockphosphate, bonemeal and basic slag under the laboratory 
conditions and showed that more than 86 per cent of phos
phorus added as superphosphate was converted to unavailable 
form within 15 days of application. Basic slag and rock
phosphate always maintained a higher amount of available 
phoaphorus in the soil than superphosphate. According to



than, application organic matter did not taring about any 
additional increase in the release of phosphorus. Mandal 
and Mandal (1973) in their studies on the influence of 
organic matter on the transformation of applied phosphate 
in acidic low land rice soils reported that the application 
of organic matter significantly reduced the fixation of P. 
They attributed this to the chelating properties of the 
compounds formed during the decomposition of organic matter 
to produce insoluble compounds with aluminium. They also 
attributed the decrease in Fe-P to the production of 
Chelating compounds and the hichly reduced conditions 
created during decomposition of organic matter.
Dashrath Singh and Datta (1974) found that the efficiency 
Of utilisation of applied phosphorus increased by 14 to 20 
per cent with phosphate-farm-yard manure combinations over 
phosphate alone in Coorg and Kangra soils.

Singh and Singh (1976) reported that organic matter 
can influence pH by Intensifying reduction through the 
liberation of CO^ and organic acids. They observed an 
increased concentration of Al-P, consequent to the decreased 
content of Ca-P and an increased concentration of Fe++ ions 
after the addition of organic matter.

Dashrath singh eg al. (1976) in their incubation 
study with rockphosphates from Udaipur. Mussoorie and



Laccadive phosphate deposits reported that, although the 
application of rockphoschate without farmyard manure 
appeared to os slightly superior to rockphosphate plus 
farmyard manure combination* the superiority, however was 
not statistically significant. Due to addition of phos
phorus to soil there may be seme sort of triggering action 
on native soil phosphorus resulting in Increased availa
bility. In some cases, this being more than the quantity 
applied through fertilisers. Phosphorus availability from 
these phosphate carriers In soil increased with the 
incubation period upto 75 days and thereafter showed 
declining trend. Such a behaviour may be expected as the 
maximum availability limit mi^it perhaps have reached.
In view of the absence of uptake of P by plants in incubated 
soil, process of phosphorus fixation might have become 
preponderant over solubilising onot, at the maximum 
availability limit.

Talaehilkar and Patel (1979) studied the effect of 
organic matter on the availability of phosphorus from 
superphosphate and rockphoaphate in submerged soil. The 
addition of organic matter in the soil treated with 
superphosphate increased the available P upto 26 days of 
submergence followed by a gradual decrease. Thu rodk- 
phosphate-compost combination maintained a hi jftor amount



of added phosphorus in the available form over the one 
receiving rockphosphate alone till 35 days of submergence. 
The reason for the increased duration of availability of r 
from the rockphosphate may be due to the solubilising 
effect of certain organic acids formed during decomposition 
of organic matter by anion replacement.

.. ingh et al. (I960) reported that continuous 
application of farmyard manure in sierozem soil in the 
semi-arid region of Haryana resulted in the build up of 
available phosphorus in the soil. Mathur eg gl. (1980) 
worked on the release of nitrogen and phosphorus frcxti 
compost treated with rockphosphate. Compost with varying 
levels of Mussoorie rockphosphate with and without pyrite 
at different time intervals showed that the release of 
phosphorus was greater from the compost treated with 
rockphosphate alone, than that with rockphosphate and 
pyrite in the earlier stages of incubation. Application 
of organic manure significantly reduced fixation of added 
as well as native phosphorus making the phosphorus more 
available to plants (Ghosh et al., 1981).

Izsa ami Indiati (1981) suggested that incorporation 
of various organic materials like maize stalk, compost, 
and poultry manure, ranging in phosphorus content from



0.03 to 1.37 per cent, to a soil of low phosphorus fixing 
capacity increased the soil avallaole phosphorus content, 
aroadbent (1983) pointed out that organic matter influences 
phosphorus availability indirectly by influencing the 
growth of microorganisms which produce organic acids 
capable of solubilising inorganic phosphates in addition to 
influencing the release of P from the organic form such as 
inositol phosphates. Kriahnaawamy and £amaswamy (19U4) 
reported that organic manure at 15 t and p2°5 at 80 kg ha”1 
had significant effect in increasing the available phos
phorus front the native and applied sources. Compost or 
farmyard manure had also increased significantly the 
phosphorus availability. Hesse (1984) conducted an Incu
bation study with sandy loam soil to assess tha transfor
mation of native and applied phosphorus as affected by 
different moisture regimes and farmyard manure. Application 
of farmyard manure resulted in marked Increase in all the 
four forms of Inorganic phosphorus in soil viz. salold-P, 
Fe-P, Al-P and Ca-P. The farmyard manure increases 
saloid-P, Al-P. ana Fe-p more under field capacity.
Increased availability of phosphorus from the addition of 
organic matter under aerobic and anaerobic conditions may 
be due to the production of C02 and organic acics. as well 
as mineralisation of phosphorus in farmyard manure.



Chakravarty et gl. (1985) incubated alluvial soil with 
compost, paddy straw, and water hyacinth and observed 
that organic matter addition exerted a favourable effect 
on the release of plant nutrients and the maximum amount 
of available phosphorus was produced by compost followed 
by water hyacinth. More and dhonsikar (1983) studied 
the effect of some organic manure on the availability of 
phosphorus to wheat. They found that the availability of 
phosphorus increased with the application of a mixture of 
superphosphate and organic manure than superphosphate 
alone. This might be due to the fact that organic anions 
compete with phosphate ions for the binding sites on the 
soil particles and the complex organic anions chelate 
a13+, fa3+ and ca2+ and thus decreasing the phosphate 
precipitating power of these cations, sood and Mlnhas
(1989) observed that increased mineralisation of organic 
phosphorus was brought about at moist conditions thereby 
accelerating the rate of decomposition. Nageeb (1969) 
observed that organic matter as farmyard manure was more 
efficient than green leaves and composted salvinia in 
increasing the content of available P in the soil. The 
concentration of available P In the soil was not signi
ficantly affected by the variations in sources of applied p, 
as superphosphate or Mussoorie rockphosphate. Awasthi



(1990) reported that the use of organic manure helped to 
increase the efficiency of rock phosphate in the acid soils 
of Himachal Pradesh and Tamil Nadu. The organic materials 
increase the availability of soil and fertilizer phosphorus 
because the COj evolved during decomposition of organic 
residues produce weak carbonic acid «hich dissolves 
phosphate and increase solubility by

(i) the formation of phospho humic complexes which are 
more easily assimilable by plants

(ii) anion replacement of the phosphate ions by humsto 
ions

(ill) coating of sesquioxide particles by humus to form 
a protective cover and thus reduce the phosphate 
fixing capacity of the soil.



MATERIALS AND METHODS



3. materials and methods

The present investigation consists of two experiments 
viz., a field experiment and a laboratory incubation 
experiment. The field experiment was carried out with 
banana var. Nandran as test crop at two locations viz.. 
the instructional Farm of tha Collage of Agriculture, 
Vellayanl and in a selected cultivator's field at Kattakada.

3.1. Field experiment

The main objective of the field study was to compare 
the efficiency of different sources of phosphatic fertili
zers under uplana soil conditions in ralnfed banana crop.

3.1.1. weather data

Vellayanl is situated at a latitude of 8.5*H, 
longitude of 76.9®K and at an altitude of 29 metres above 
mean sea level. During the period of investigation, there 
was an average rainfall of 9.18 an month”1. The average 
relative humidity maintained during the period was 74.27 
per cent. The daily maximum temperature during tha 
cropping period ranged from 29.82 to 33.42*C and the 
minimum from 18.46 to 26.66*C. At Kattakada, during the 
period of investigation, there was an average rainfall 
of 14.60 cm month”1. The daily maximun temperature during
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the cropping period ranged from 30.50 to 38.80*C and the 
minimum from 21.2 to 25.0*C (Pig, 1). Hie details of tho 
meteorological observations for the croppin season at 
Vellayani and Kattakada are given in appendix.

3.1.2. Preliminary analysis

The soils collected from the plots before planting 
suckers were analysed for physico-chemical properties 
adopting standard analytical procedures (Taole 1). The 
results are J.v%n in Table 2.

3.1.3. Field preparation
3Pits of site 50 cm ware dug at a spacing of 

2 m x 2 m after thorough ploughing and levelling for 
planting the suckers of uniform size and age. All the 
agronomical operations including the application of manures 
and fertilizers were done as per the package of practice 
recommendation of the Kerala Agricultural University.

3.1.4. experimental design and layout

The experiment was laid out in randomised block 
design with four treatments and five replications. The 
layout of the experiment is shown in Figure 2. selected 
banana suckers with uniform size and age of ’iJendran* 
variety were planted with a spacing of 2 m x 2 m, in such
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a way that there were four banana plants for observation 
with required number of border plants. Thus there were 
sixteen plants In each plot.

3.1.5. Treatments

Three different phosphatlc fertilizers were applied 
at the recommended level of P viz.. 115 g plant”* along 
with a control to compare the efficiency of the different 
phosphatlc fertilizers on rainfed banana. Tho treatments 
are as followst

Tj Control (No phosphorus) 
t2 Mussoorie rockphosphata 
Tj Kajasthan rockphosphata 
T̂  Superphosphate

3.1.6. Observations

observations on various morphological characters 
were recorded at 45 days interval from planting to shooting.

3.1.6.1. Plant characters

3.1.6.1.1. Heighti The height of the pseudostem was 
measured from the base of the pseudostem to the axil of 
the youngest leaf and recorded in cm.

3.1.6.1.2. sixtht cirth of pseudostem was measured at 
20 cm from ground level.



Taole 1. Analytical methods used for the determination of various physico-chemical
properties of soil

Par «aeter Method
Mechanical analysis of soil 
soil reaction

Waterholdinc capacity

Organic carbon

Total nitrogen 
Total phosphorus

Available nitrogen

Available phosphorus 

exchangeable potassium

Phosphorus fixing capacity 
of soil

aouyoucos hydrometer method (Black, 1965)
1i2.5 soil water suspension using pH meter 
(Jackson, 1973)
Troella's method using Keen Kacskowskibax 
(Wright and Harold, 1939)
s.'alkley and Black's rapid titration method 
(Piper, 1950)
Modified Microkjeldahl method (Jackson, 1973)
Vanado molybdo phosphoric yellow colour method 
(Piper, 19§6)
Alkaline potassium permanganate method 
(subbiah and Asija, 1956)
Oickman and Brays Molybdenum blue method 
(Jackson, 1973)
Atomic Absorption Spectro photometer using 
neutral normal ammonium acetate extract 
(Jackson, 1973)
Methods by Petal and Viswanath (1946)



Table 2. Physico-chemical properties of soil at Vellayani and Kattakada

Oat AMrtt-AV* ■ locationsrUaiflUbttt .vellayani Kattakada
Coarse sand 13.80 per cent 26.00 par cent
Fine sand 28.50 " 8.00 "
silt 26.00 " 20.60 *
Clay 20.00 “ 24.10 -
Texture Sandy loam uoam
Moisture 8.7 per cent 5.40 per cant
pH 5.2 4.8
;ater holding capacity 34.10 per cent 28.00 per cent
Organic carbon 0.46 * 0.70 *
Total nitrogen 0.014 " 0.043 «
Total phosphorus 0.049 * 0.040 "
Total potassium 0.315 ■ 0.497 *
Available nitrogen 180.32 kg ha"1 191.00 tg ha"1
Available phosphorus (p̂ Ô ) 36.20 “ 28.06 *
Exchangeable potassiun 80.40 " 120.00 *
Pl-iosphorus fixing capacity of soil 45.00 per cent 48.30 p-̂ r cent



3.1.6.1.3. Total number of loavesi Number of fully opened 
photoaynthetically active leaves ware noted.

3.1.6.1.4. Length of the leaf t taken from the base of the 
lamina to its tip.

3.1.6.1.5. width of lamina> was measured at the broadest 
point in the middle region.

3.1.6.1.6. Leaf araai was determined at the time of 
emergence of the bunch, using tha formula given by Murray 
(I960).

(Leaf area • Length x breadth x 0.8)

3.1.6.1.7. Number of daya taken for flowering« The date 
of emergence of bunch was noted.

3.1.6.2. Bunch charactersi The bunches were harvested 
then they were fully matured as indicated by the disappea
rance of angles to round full (Sintnonds, 1959).

The following observations were made on the bunches.

3.1.6.2.1. Length of the bunchi was measured from the point 
of attachment of the first hand to that of the last hand.

3.1.6.2.2. Number of hands and fingersi The number of 
hands bunch”* and the total number of fingers in each 
bunch were recorded.
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3.1.6.2.3. weight of the hunch
weight of the hunch was recorded at maturity in 

kilograms.

3.1.6.2.4. Girth and length of finger

birth of finger was measured at the mid portion and 
the length from the point of attachment to the tip using a 
fine thread and a scale.

3.1.6.1.Phosphorus uptake and drymatter production

To assess the uptake of phosphorus, plant samples 
were collected at the harvest stage. Sampling was done 
adopting the method outlined by Twyford and v.almsley (1973). 
one plant waa uprooted from each treatment replication wise 
and separated into different plant parts.

The fresh weicht of the different plant parts were 
recorded, samples were weighed fresh and dried in the 
oven at 70°c until consecutive weights agreed.

The total dry weight of the tftole plant was calcu
lated from the fresh weight of the sample. All plant parts 
were analysed separately for the phosphorus content. Total 
uptake of P was computed from the values of the concentration 
of element and the dry weight of the individual organs 
sampled.
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3.1.6.3. Chemical analysis 
Soil

Chemical analysis for nitrogen and potassium was 
done for initial soil samples collected from the field 
before the planting of the crop and for the soil samples 
collected at the time of harvest of the crop. But chemical 
analysis for phosphorus was done for all the soil samples 
collected at 45 days interval after the planting of the 
crop.

3.1.6.4. Incubation study

a laboratory incubation study was carried out with 
the soil collected from the Instructional Farm, College of 
Agriculture, vellayanl. This study was aimed to find out 
the influence of organic matter on the release of phosphorus 
from different phosphatic fertilisers under moist condi
tions (30 per cent moisture). This study included five 
treatments and five replications. The treatments were as 
follows t

soil without organic matter 
Tj Soil + organic matter
Tj Soil + organic matter + Mussoorie rockphosphate

soil * organic matter + Rajasthan rockphosphate
Tg soil + organic matter + superphosphate



Soil collected from the field was air dried, sieved 
and kept in thick polythene containers for incubation under 
moist condition after adding calculated quantities of 
organic matter and different phosphatic fertilizers viz., 
Muaaoorie roekphosphate, Rajasthan rockphoaphato and 
superphosphate ae per package of practice recommendation 
for banana. Available P was estimated in each treatment 
by Dickman and Bray's Molybdenum blue method (Jackson,
1973) at 45 days interval till 225th day of incubation.



RESULTS



4. RESULTS

The results of the studies are presentees as 
follows with sultaole tables and illustrations.

4.1. effect of different sources of phosphorus on growth 
parameters

4.1.1. Heigh of i seudostom

The data on the mean height at 45 days intervals 
upto shooting period of the plant at two places vis., 
Vellayanl and Kattakada are presented in Taole 3. At 
Vellayanl, the height of banana plant did not vary with 
the different phosphatic fertilizers tried. Jut, phosp"orus 
application significantly increased the plant height over 
control. The plants receiving superphosphate recorded 
the maximum height (234 cm) at 225 days after planting, 
whan tha no phosphorus treatment recorded the minimum 
height (221 cm). Similar variation was also noticed in 
the mean plant height at all interval- except at the 45th 
day after planting when plants receiving 4ussooiie ro<x- 
phosphate recorded the maximum height of 81.6 cm which 
was on par with superphosphate (80.4 cm).

At Kattakada also( similar variations were recorded 
on the height of plant due to different P fertilizers 
applies. Maximum height of ?36.0 cm was noticed oy plants



Table 3. Effect of different phosphatlc fertilisers on th > plant height (on) at 
45 days intervals at two places, Vellayani and '<attakac.o

Vellayani

Treatments Period in davs
45 90 135 100 2 25> (Treat

ments)

T1
T2
T3
*4

CD (Treatments) 
(0.05)

70.40 
81.60 
79.80
60.40
1.790

112.60
123.20
120.00
125.00
14.024
<NS)

146.00
151.00
150.00
153.00
4.364

160.00
190.00 
187.95
193.00
8.398

221.00
232.00
230.00
234.00
4.806

146.00
155.56
153.55
157.08

Katta^ada

T1
T2
T3
T4

69.80
32.00
30.40
82.40

107.40 
125.20
122.40 
125.00

141.00
150.00 
146.40 
152.80

185.00 
190.80
187.00
191.00

225.20
23C.40
232.00
238.00

145.68 
156.6 
153.64 
157.b4

CD (0.05) 
(Treatments) 1.467 1.942 2.227 3.713 3.683 -

co
i- -*



receiving superphosphate and the minimum height of 2 2 5 . ?  cm 
by the one with no P treatment at 225 days after planting. 
The difference between the heights of plants due to the 
application of Mussoorie rockphosphate and superphosphate 
was not significant while they were found to be superior 
to Kajastan rockphosphate and control.

4.1.2. Girth of pseudostem

Phosphorus application influenced the girth of 
pseudostem over control. However, no si jnificant difference 
could be noticed due to the application of different r 
sources on this character (Table 4). At 45 days after 
planting, a slight increase in girth was recoroed by the* 
plants treated with Mussoorie rockphosphate at Vellayani, 
but was on par with superphosphate and founc to be superior 
to ajasthan rockphosphate and control. In later stages 
of observation, the plants supplied with superphos. hate 
recorded slightly higher girths but on par with the other 
sources.

At Kattakada also the effect due to the different 
sources of p on the girth of pseudostem was found to be 
the same* ftowuver, a comparatively slight increase was 
recorded by the plants supplied with superphosphate at 
all stages of observation.
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laole 4. Jffect of different phosphatxc fertilizers on girth of ; lant (cms)
Period in davs Meanll UGUinStlbU

-..... 45 90 135 .......... 180 225

T1 17.35 24.15 29.30 32.00 34.25 27.41
T2 19.40 25.40 31.00 33.00 35.05 28.77
T3 17.90 25.30 30.25 33.40 35.80 28.59
T4 10.00 26.00 32.40 33.80 37.15 29.47

CD (0.05) 

Kattakada

1.407 1.837 2.947 3.564
(NS)

2.819 mm

T1 16.60 22.00 30.00 33.35 35.00 27.39
T2 18.00 24.00 32.10 35.50 37.35 29.39
T3 17.60 25.40 31.80 36.25 37.20 29.65
t4 18.20 25.20 32.60 37.55 38.00 30.31

CD (0.05) 1.422 4.279
(N5>

2.192 4.831 1.974 •*

oJ
Cl



^ 1

At 225 days after planting, plants treated with 
superphosphate recorded comparatively higher girtns of 
37.50 cm and 3U.00 cm. and control plots rocoreea the 
minimum girths of 34.25 cm and 35.00 cm at Vellayanl and 
Kattakada respectively.

4.1.3. Mumoer of green loaves

Taole 5 Indicates the total number of functional 
leaves recorded at 45 days intervals upto shooting period. 
Different r sources were on par, but were foun, to oe 
superior to control plots. At 225 days after planting, 
a maximum of 10.95 and a minimum of 9.77 number of leaves 
were produced by plants receiving Mussoorie roovphosphate 
and the plants with no r treatment respectively at Vellayanl. 
The difference oetween the P sources was not significant 
at Kattakada also. At 225 days after planting, plots 
receiving Rajasthan rockphosphate recorded the maximum 
number of leaves (10.60) and the minimum (9.52) oy the 
plots with no P. There was no definite pattern o’- the 
influence of the treatments at different intervals in both 
locations.

4.1.4. beaf area

The mean values recorded on the leaf area at 
Vellayanl and <att«Kada at shooting stage of the crop



Taolu 5. effect of different phosphatic fertilizers on the number of green leaves 
vellaj ani

Treatments 45 90 - . . - a  a a s u a s M ..n.yj.'K....135 I S O ...... . 225 Mean

T1
T2
T3
T4

CD (treat
ments (0.05)

3.25
4.25 
4.70 
4.6S
0.292

6.70
8.00
8.35
e .60
2.054
(MS)

8.72
11.55
11.55 
12.05
2.530

10.22
11.25
11.85
10.95
1.951
(MS)

9.77
10.95
10.40
10.25
2.851
(BS)

7.73
9.20
9.37
9.30

Kattakada

T1
T2
T3
T4

4.05
4.20
4.40
4.80

8.06
8.30
8.30 
8.60

8.82
10.85
11.50
11.75

9.77
11.60
12.05
12.00

9.52
9.95
10.60
10.00

8.05 
S.97 
9.37 
9.43

CD (treat
ments 0.05) 1.252

( N . j )
2.529 
(N. )

2.264 1.994 2.833
(u_)

-

j
Cl



(7th month) are as shown in Taole 6. .significant diffe
rence in leaf area between the plants, as influenced by
the treatment was observed at both locations. At Vellayani

2the maximum leaf area of 5771.84 cm was recorded by the 
plants receiving superphosphate and was on par with 
- ajasthan rockphosphate and Mussoorie rockphosphate out, 
statistically it was found to be superior to control 
plots, similar results were recorded at Kattakada also, 
wherein maximum value for leaf area (5451.oQ cm ) rocor-̂ ed 
oy i lants receivin 3 superphosphate was found to oe on ^ar 
with Rajasthan rockphosphate, but superior to Mussoorie 
rockphosphate and control plots. The minimum leaf area
(j£a I 2wase recorded by control plots as 4934.72 cm and 

24958.80 cm at Vellayani and Kattakada respectively.

4.1.5. Number of days taken for flowering

Table 6 represents the data on the number of days 
taken for shooting from planting. It was found that the 
plants of the control plot required more days for flower
ing compared to the treated plots. Plants without P too); 
the maximum numoer of days for flowsring at ooth places 
(227 and 219) and minimum days of 191 and 204 were 
recorded by plants receiving superphosphate both at 
Vellayani and Kattakada respectively. /t Vellayani, T4 
and T3 were on par and superior to T 2 and T  . At fattaxada



Taelo C* ;ffuct of different pho^ha^it ferti lis-.rs on t?io total 1 
2orod (cm ) a no the number of days tatccn for flowerin_ at 

Vellayani and kattakada

2
i * ia£ area (cm ) {lumber of da,'s. for flower in:

Treatments 6ocetions 
vellaj arsi Kattasada 

(Muon values)

locations 
Vellayani Kattarcaoa 

(Moo' valu >b )

Ti 4934.72 4958.80 227 219

T2 5365.84 5226.40 216 216

T3 5424.3, 5413.00 19? 210

T4 5771.b4 5451.80 191 204

(,
(0.05) 560.930 200.177 12.03C 19.547

y
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4.2. Bunch characters

the data relating to various bunch characters as 
influenced oy different phosphatic fertilizers is presented 
in Table 7.

4.2.1. v«eight of bunch
Significant difference on the yield of oanana due 

to different treatments was noticed at both places. How
ever, phosphorus application increased the yield signi
ficantly over control. The effect of different phosphatic 
fertilizers applied was found to be the same on the yield 
of banana at Vellayanl ie,, T4 T2 and T3 were on pax. 
ihile at Kattakada, was on per with T0 but superior to 
T3 and T t T2 intum was on par with Tj and T̂ . Thus, 
relatively higher yields (9.23 and 10.7^ kg plant”1) were

was on par with which inturn was on par with and

recorded oy plants treated with superphosphate and lower 
yields (8.29 and 9.85 kg plant”1) by control plots at 
Vellayanl and Kattakada respectively.

4.2.2. uongth of ounch
The treatments recorded significant influence on 

lengtn of bunch at Vellayanl but at Kattakada, no significant



Table 7. effect of different phosphatic fertilizers on bunch characters, 
Vellayani

Treatments
Maight of 
bunch . 
(kg planE )

Length of 
bunch 

(an)
Number of 
hands per 
bunch

Number Of 
fingers 
per ounch

Length of 
finger 

(cm)
G i r t h  o f  
f i n g e r  

(cm)

CD
(0.05)

Kattakada
T,

‘4
CD
(0.05)

8.29
9.17
8.90
9.23
0.437

9.85
10.22
9.92
10.79

0.500

40.90
44.65
51.25
46.75
4.743

46.90
49.00
50.95
49.60

5.356
(NS)

4.90
5.90 
6.20 
5.75
0.658

5.05
5.25
5.15
5.45

0.400
(NS)

36.00
39.00
37.00
40.00
2.854

41.00
46.00
44.00
47.00

4.348

17.65
17.95
18.90
17.80

1 .0 1 1

18.00
19.00
19.20
19.80

1.684
(NS)

15.20
16.30
15.80
15.50
1.176
(NS)

15.60
16.62
16.40
17.20

1.811
(NS)

*1
t-
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difference between the treatments was observed on this 
character. telatively greater length of hunch was produced 
by plants supplied with Rajasthan rockphosphate (51.25 
ana 50.95 cm) both at Vellayani and at Kattakada respec
tively. The control plots recorded the minimum lengths, 
40.90 and 4C.90 cm respectively for the two locations.
At Vellayani,i\ was found to be on par with and 
superior to T2 and .

—l4.2.3. Number of hands bunch
There was significant effect due to treatments on 

the nimber of hands bunch""* at vellayani soil, unlike 
Kattakada. r-t Vellayani, it was observed that the sources 
of P had no significant influence on this character, 
plants treated with tajasthan rockphosphate produced 
maximum number of hands par bunch (6.20), while the 
control plots produced a minimum of 4.90 hands bunch”*.

At Kattakada, plots treated with superphosphate 
recorded relatively greater number of hands ounch”* (5.45) 
and control plots recorded the minimum (5.05).

4.2.4. Number of fingers per bunch
At Vellayani, a maximum of 40 fingsrs ounch”* was 

produced by superphosphate which was on par with Mussoorie



roocphoaphate which inturn was on par with >. ajasthan 
rockphosphate. The control plots recorded the minimun 
numoer of 36 fingers hunch . At Kattakada, T4 T2 and 
T3 were found to be on par but T4 and T2 were superior to 
T̂ . Maximum number of fingers bunch*"1 (47) was proauced 
oy plants treated with superphosphate and minimum (41) 
oy control plots.

4.2.5. length of finger
At Vellayanl, the greatest length of la.90 on was 

recorded by plants treated with Rajasthan rockphosphate 
which was on par with Mussoorie rockphosphate and lowest
length of 17.65 cm by plants with no phosphorus. At
Kattakada, no significant differonce between treatments 
could be noticed. However, slightly greater length of 
fin xsr (19.80 cm) was recorded by plants troatec. with 
superphosphate and lowest length (18.00 cm) by control 
plots.

4.2.6. Girth of finger
Ho significant influence for the different treat

ments was observed on tha girt£ of finger at aoth places.
However, comparatively higher value for girth of 16.30 cm 
and 17.20 cm was recorded at VOllayani and Kattakada oy 
ussoorie roekphosphata and superphosphate respectively.
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4.3. Total drymatter production
The fresh weight of the different plant parts were 

recorded and their samples were weighed fresh anu oven 
dried at 70°C. The total dry weight of the whole t. lant 
was calculated and recorded from the fresh ,«i ht of the 
sample (Taols S). At doth locations, treatments showed 
significant influence on this character. The total cry- 
mattar produced by plants supplied with superphosphate 
wao^highest at vellayanl (6.90 kg plant”1) and at Cattaxada 
(7.07 kg plant”1). At both places, minimum quantities 
were produced oy control plots as 6.47 kg and 6.7c kg 
plant”1 respectively at vellayanl and Kattakada.

4.4. Uptake of phosphorus by banana
The mean values of the P uptake at harvest cufe. shown 

in Table 9. At both places, the treatments produced 
significant effect on the p uptake by the plant, but the 
sources of phosphorus did not show marked difference on 
this character. >it Vellayanl, maximum uptaxe (14.47 g 
plant”1) was found to be for Mussoorie rockphosphate, and 
minimum of 11.31 g ^2°5 was recorded by plants
treated with zero phosphorus. Maximum uptake was recorded 
by plants receiving superphosphate (15.05 g 
and minimum uptake (12.12 j P̂ Ô . plant ) by control 
plots at Kattakada.



Table 8. effect of different phosphatlc fertilizers on the total drymattei 
production

Vellayani

Treatments Different organs (g plant”*') Total
Corm Pseudostem Leaf Bunch Malabud

T1 885.0 2520.0 616.2 2393.4 60.0 6474.6
T2 954.8 2523.8 632.8 2529.8 62.6 6703.0
m*3 981.0 2519.0 634. C ? 16G.0 62.0 6664.3
T4 895.0 2520.0 636.0 2592.7 60.4 6904.0
CD
(0.05) - - - - 101.24

Kattakada

T1 944.00 2552.80 625.60 2581.80 60.20 6764.30
T2 962.00 2568.30 636.00 2779.64 62.40 7008.84
T3 970.00 2544.00 636.00 2740.25 62.20 6952.45
T4 965.00 2553.00 675.00 2817.00 61.40 7071.30
CD
(0.05) - - - - - 61.877

c



Table 9. JE£act of different phosphatic fertilizers on the uptake of phosphorus
at harvest

Vellayani

Different oar jana (g P- ° 5 plant”*) Total14 QuUiU i luo
Coon Pseudostem Deaf Bunch Eialebud uptake

Tl 0.52 4.50 1.23 4.87 0.184 11.31
T2 0.76 4.85 1.67 6.99 0.197 14.47
T3 0.85 4.88 1.39 6.89 0.199 14.21
T4 0.54 4.81 1.46 7.35 0.188 14.34
CD
(0.05) - - - - - 0.346

Kattakada

T1 0.90 4.38 1.32 5.32 0.18 12.1?
T2 0.53 4.95 1.52 6.95 0.19 14.17
T3 0.53 4.92 1.39 7.58 o.r> 14.61
T4 0.66 4.8a 1.51 7.80 0.19 15.05
CD(0-05) - - - - - 0.47f
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4.5. Phosphorus content in the leaf
Phosphorus content .̂n the leaf recorded at 45 days 

interval upto shootinj is presented in Tabic 10. At ooth 
locations, there was significant difference between the 
treatments on tne leaf r content. At 45th day of loaf 
sampling, a maximum concentration of 0.15 and 0.11 p r cent 
FjOg ..as noticed for the plants treated with superphosphate 
both at Vellayani and Kattakada respectively. In general, 
it was found that the leaf P content increased (0.2o per 
cent) till 180 days after planting ie., the lato vegeta
tive phase of the crop, and decreased thereafter, especially 
at the harvest stage of the crop.

4.£. Available P content in the soil
The mean values of the available P content in the 

soil ore given in Taola 11. Jventhough V fertilization 
increased the p content in the soil, the variation due to 
different sources of p on the F availability in the soil 
remains the same, or without significant difference 
oetween them. At vellayani, the P content in the soil at 
45 days after planting was maximum in plot., treated with 
superphosphate (47.92 kg PjOg ha”*) idhich was on par with 
Mussoorie rockphosphate and Rajasthan rockphosphate.



Table 10. affect of different phosphatic fertilizers on the phosphorus content
in the leaf (percentage) at 45 days interval

Vellayanl

Treatments Period in days Mean
45 90 135 180 225 Harvest

T1
T2

0.09
0.14

0.13
o.ia

0.19
0.21

0.23
0.26

0.21
0.25

0.20
0.23

0.18
0.22

*3 0.15 o.ia 0.22 0.25 0.25 0. 22 0.21
T4 0.15 0.17 0.22 0.25 0.25 0.27 0.22
CD
(0.05) 0.004 0.003 0.003 0.004 0.015 - -

Kattakada
T1 0.07 0.12 0.19 0.24 0.22 0.21 o.ie
4 0.13 0.18 0.21 0.25 0.25 0.24 0.21
T3 0.13 0.17 0.20 0.26 0.25 0.22 0.21
T4 0.14 0.17 0.22 0.25 0.25 0.23 0.21
CD
(0.05) 0.006 0.004 O.OOC 0.005 0.005 - -

"5.
CO



Table 1 1 . infect o£ different phosphatlc fertilizers on the available P2°5 
content in soil (kg ha"**)

Treatments Period in days Moan
45 90 135 180 225

Vellayani

T1 37.44 36.20 35.80 34.55 33.00 35.39
T2
T3

47.76
45.00

42.20
40.50

37.60
38.60

36.40
38.00

35.95
37.50

39.98
39.92

*4 47.92 40.60 39.65 35.45 36.20 39.96
CO
<0.05) 3.062 4.657 2.404 3.249 6.354 •m

Kattakada
'1 29.30 27.80 26.30 25.70 26.40 27.10
T2 36.40 34.65 33.75 32.33 30.10 33.84
T3 3^.50 35.00 31.44 30.40 2u. 52 32.77
T4 37.10 32.24 30.25 2-J. 63 2o.62 31.3C
CO
(ft 2.79o 3.598 5.244 3.071 5«033 -



At -Cattakada also, the variation due to the different 
P sources on tha available phosphorus oontent in the soil 
was not significant. In the final stages of sampling, the 
maximum available p content was recorded wit*- Mussoorie 
rockphosphate (30.1 kg PjOg ha"1) and ninlmum for control 
plot (26.4 kg ha"1).

4.7. Total phosphorus content in soil
Ttio mean values obtained at 45 days intervals on 

the total phosphorus content of the soil are presented in 
Table 12. At Vellayanl, in all the stages of sampling, 
different p sources produced no significant difference on 
the total phoSi horus content in the soil but were superior 
to control plots. Jvanthough the different p sources were 
on par, the maximum content of total phosphorus in soil 
was accounted oy plots treated with Mussporie rockphosphate 
(0.D6 per cent) and the minimum by control plot (0.05 per 
cent). At Kattakada also a similar trend in variation 
was noticed. The plots treated with superphosphate 
recorded the maximum (0.048 per cent) and the one with no 
phosphorus, minimum (0.046 par cent) P2°5 con*ent in soil*

4.3. Influence of organic matter on the phosphorus 
availability from different P sources
Available P content (Bray I) was estimated in soils



Tables 12. effect of different phosphatlc fertilizers on the total P2°5
content in soil (percentage)

Treatments Period in Jays 'lean
45 90 135 180 225

vellayani

T1 0.05 0.05 0.05 0.05 0.05 0.047
T2 o.oe 0.06 0.06 0.06 0.06 0.059
T3 o.o<r 0.06 0.06 0.05 0.06 0.056
T4 0.06 0.06 0.06 0.06 0.06 0.058
CD
(0.05) 0.004 0.005 0.004 0.004 0.006 -

Kattakada

T1 0.05 0.05 0.05 0.05 0.05 0.046
T2 0.05 0.05 3.05 3.05 0.05 0.048
T3 0.05 0.05 0.05 0.05 0.05 0.047
T4 0.05 0.05 0.05 0.05 0.05 0.048
CD
(0.05) 0.004 0.004 0.004 3.005 0.003 -

%
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incubated under moist conditions (30 per cent moisture) at 
an interval of 45 days. The data on this incubation 
experiment are presented in Table 13. In the 4Sth day 
after incubation, a drastic Increase in the availaole F 
content in the soil was recorded and this trend continued 
upto 90 days and at this period, the P availability was 
found to be maximum under moist conditions. There after, 
a gradual decline was recorded in the availability of 
phosphorus, vhen the mean values of available P over all 
the periods were compared, maximum availability was recorded 
by t5 (130.71 ppm), while T3 (128.53 ppm) and t4 (126.95 ppm) 
were on par but superior to Tj (111.40 ppm) and
(100.10 ppm).

when the periods of incubation were compared with 
respect to tha mean values of available P. though the 
highest value (125.96 ppm) was recorded at 135 days after 
incubation, the value obtained at 90th day (125.36 ppm) 
was on par with the one at 135 days.

At 4Sth day, no significant difference on the 
available F content could be noticed between the various 
phosphorus sources though organic matter addition increased 
the availability of phosphorus in the soil. At 135 days 
after incubation, the influence of organic matter on the 
release of phosphorus from superphosphate treated and



Table 13. Changes In available—£ (ppm) as influenced by different 
sources and organic matter under moist conditions

Treatments Period in days Kean
45 90 135 180 225

T1 88.20 101.28 112.29 100.30 98.44 100.10
T2 92.40 119.40 117.65 116.38 111.20 111.41
T3 112.60 135.1C 133.10 131.00 130.80 128.53
T4 111.B0 132.75 130.61 130.00 129.60 126.95
Ts 114.28 138.20 136.17 133.40 131.50 130.71

CD (0.05) 
(treat
ments)

4.549 4.405 5.181 5.731 5.044 1.695
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dussoorio rockphosphate treated soil sa'> not si nifleant. 
During the final stages of estimation (180 and 225 days) 
it has boon notioed that the v released o, oryanic matter 
incubation from oil the phosphatlc fertilisers adv-ed soil 
was almost uniform. Iho total content estimato..
was 0.049 and 0.050 per cent for  ̂and respectively 
and 0.05£ per cent for and T_.
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5. DISCUSS ION

Kerala ranks first in the country with respect to 
the area under oanana cultivation and ralnfed banana 
occupies about 80 per cent oi the total area, soms of 
the earlier workers (Vaisaroma Mathew, 1980; jheela, 1982) 
have emphasised the need for further nutritional studies 
on ralnfed oanana. Though tiiere are a number of studies 
in oanana with nitrogen and jxjtassium fertilizers either 
individually or in combination, only vary few studies have 
been reported on phosphorus nutrition of the crop, several 
workers are of the opinion that banana requires loss of 
phosphorus than nitrogen and potassium. Or phosphorus 
had leas effect than nitrogen or potassium (itorris and 
Ayyar, 1942). According to Ain at al. (1962), N or K 
alone produced insignificant influence on jrowth and yield 
of banana when compared to their ccmbinod application.

The present study lays stress on the assessment 
of the efficiency of different P sources on ralnfed banana 
and tha salient results obtained are discussed as under.

5 .1 . Jffect of phosphorus on growth characters

The various growth ctiar actors studied in this 
experiment include the height and girth of pseudostem, 
number of green leaves and total leaf area.



In this study, the height of the plant '/as not 
significantly influenced by the different phosphatlc 
fertilizers applied (Fig.3). However, the control plots 
recorded the lowest height oxrer the P treated ones indi
cating the significant influence of phosphorus on plant 
height. Chu (1960) had also observed that P fertilization 
greatly increased pseudostem growth in banana. The pronounced 
role of P in cell division, aid growth can bo the escplana- 
tion for this result.

5.1.2. Girth of pseudostem

The present study revealed that phosphorus influenced, 
the yirth of pseudostem significantly. Jaglrdar and Ansari 
(1966) also indicated that in Basrai variety of banana, 
stem girth was increased when P was applied alone or with 
K at the rate of 48 and 96 lbs per acre respectively.

5.1.3. Number of green leaves

The total number of leaves produced by a banana 
plant varies with the variety or the environment under 
which the crop is grown (Oppenhsimer, 1960). The present 
study indicated significant influence of phosphorus on the 
total number of leaves produced, thouc$i the various sources 
of P were on par. Similarly, positive significant influence 
of P on this character was also observed by Chattopadhyay 
and Bose (1986),



5.1.4, Total loaf area

Since it has beam reported that the banana plants 
produce maximum leaf area at shooting stage ie., 7th month 
after planting, observations on this character ware recorded 
at this particular growth phase. The increase in leaf 
area at shooting stage may possibly be due to the increased 
uptake of nutrients as reported by Valsarrma Mathew^ 19So),

beef area was worked out using a coefficient 0 .8  

from the length x width measurements (Obiefuna and idubicu, 
1979). In tha present study, relatively higher value for 
leaf area was recorded by plants treated with superphosphate 
(Fig.4). The bettor growth in P applied plots as evidenced 
by increased heicht and girth (Table 3 and 4) could have 
helped to Increase the leaf area. More over, the ultimate 
yield was also the maximum for this treatment, indicating 
the possible positive correlation between leaf area and 
yield, as observed by Sheela( 1932) .

5.1.5. Number of days taken for flowering

rrorn this study, it was found that when no P was 
supplied to plants, flowering was delayed compared to the 
plants supplied with P (Fig.5 ). Phosphorus alone had no 
appreciable effect or, flowering but a combination of H 
and k in the correct proportion is neoessary for manipulating

1 5
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crop growth which was established by many earlier workers 
(Croucher and Mitchol, 1940; Summerville, 1944; Bhangoo
et al., 1966). According to Sinch S£. ( 1977^phosphorus

«>1 «•! is 90 g plant along with N and K at 150 and 170 g plant
gave best growth mid induced earliness in flowering. In
the "present study, there was not much variation between
the sources of phosphorus with respect to the number of
days taken for flowering. This could be easily explained
by the observations on their growth characters, which also
did not differ significantly between different sources of
P (Table 3, 4 and 6).

5.2. Bunch characters

Amount of rainfall received during the crop growth 
is one of the main factors governing the growth of banana 
especially grown under the upland soil situations. Conw- 
paratively low yield recorded in this study, may possibly 
be due to the poor rainfall obtained during the shooting 
and prior to the shooting periods of the crop, From this 
study> it was observed that phosphorus application could 
influence the yield of banana significantly over control 
but the effect of different sources of r was on par 
(Fig.feyl). 1hus,it indicates the possibility of utilizing 
cheaper rockphosphates rather than using costly water



soluble forms In banana. The influence of phosphorus on 
the yield of banana is low when compared to potassium 
application, significant increase in yield due to potassium 
application has been reported by various researchers 
(Hewitt and Osborne, 1963; Shaela. 1982}. Pillai ot al.
(1977) studied the response of Manoran banana to different 
levels of NPk. According to them, yields were greater 
with N and at 191 and 501 g plant”1, there was however 
little or no response to phosphorus. Butrin Honduras, 
ahangoo gj. (1962) indicated significant response to 
the application of phosphorus and potassium in conjunction 
with nitrogen, improving the average bunch weight of 
"Giant Cavendish" banana. Little or no response was 
obtained from the use of nitrogen alone, similarly P alone 
could not influence the yield of banana, but when supplied 
with appreciable amount of H and K could enhance the yield. 
Shavani uankar (1980) tried different levels of N and P 
on Nondran banana under gardanland conditions, and found 
that at 100 g i! plant”1 application of P had no signifi
cant influence on number of fingers bunch” 1 and length 
and girth of finger. While sundar sin h  (1972) reported 
that length of fruit of *Robusta' banana was more under 
HP treatment and in presence of P and K, nitrogen signi
ficantly influenced the number of hands, fruits, and intum



the weight of bunch. In the present study, yield showed 
a significant positive association with total uptake of p 
(r *> +0.5149) indicating the positive response of banana 
to phosphorus application.

Vijayarajhavakuroar et al. (1984) observed maximum 
direct effect for number of fingers on the bunch wei$tt. 
According to Krishnan and Shsnmugavelu (1983), bunch weight 
is a complex character and is influenced by the component 
morpiiologieal characters of the plant and bunch. Maximum 
efficiency was shown by plants treated with superphosphate 
in most of the plant characters under observetion here 
and hence it reflected in the yield also. But at the same 
time, the efficiency of rockphosphatas was comparable with 
that of superphosphate. Thus indicating the possibility 
of utilising the cheaper rockphoaphates as an economic 
source of P for banana especially grown under upland acid 
soil conditions, rather than the more costly superphosphate.

5.3. Total drymatter production

In the present investigation, total drymatter 
production in banana was in the range of 5.33 kg to 7.07 kg 
plant”1. This finding is in agreement with that of 
Bhavani Sankar (1980) in •Nandran' banana. Earlier workers 
have reported 4.5 to 10.5 kg in bactan bananas (Bolanc,



1960), 19 kg plant”1 In Dwarf Cavendish banana under 
French Guinea conditions (Baillon e£ al., 1933). Twyford 
and alms lay (1973) recorded 5,15 kg drymatter in 'Robusta' 
banana. From these findings,it has been inferred that the 
drymatter production In banana varies with variety and 
locations. Total drymatter production showed a signifi
cant positive correlation with P uptake (r =» +0.8358) at 
vellayani and (r » +0.8847) at Kattakada showing the 
significant effect of phosphorus on the drymatter production 
in banana, with respect to the affect due to sources of P 
on total drymatter, though superphosphate, the easily 
available P source produced the maximum quantity in both 
places, all sources of P were on par.

5.4. uptake of phosphorus

Comparatively low uptake of phosphorus was observed 
in both locations viz., Vellayani and Kattakada. This 
finding was in general agreement with that of Sheola (1982). 
The P uptake was hi#> by plants in the p fertilised plot 
compared to the control plots (Fig.5 ). But the variation 
due to different sources of P was negligible or not signi
ficant on this character. Perhaps, in the acidic soil 
conditions, the availability of P from the rockphosphates 
could have easily met the requirement by the crop. Increased
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availability of E1 from slowly soluble forms in acid soils 
has bean reported by many scientists (Mistry and Yadav,
19815 Yadav and Mistry, 1984).

The uptake of phosphorus by banana is low compared 
to that of nitrogen and potassium (Norris and Ayyar, 1942; 
Martin-Prevel, 1964; Turner, 19C9; Vadivel, 1976). Varietal 
variation as well as location influence on the uptake of 
phosphorus was reported by Martin-Preval (1964). In 
banana, P uptake ranged from 12.5 kg ha” 1 to 90 kg ha” 1  

(Martin-Prevel gj. al., 1968). According to Chattopadhyay 
and Malik (1978), P uptake increased with frequent 
irrigation and high level of P application. The low uptake 
of phosphorus by banana in the present study may possibly 
be due to tho fact that the crop was grown as a ralnfed 
one.

5.5. Phosphorus content in the leaf

Tha concentration of P was significantly influenced 
by the treatments though the sources of phosphorus did not 
show much variation. This could be easily explained by 
the fact that the uptake of P also did not vary siqnifi- 
cantly with tha different sources of P applied (Table 9). 
According to Beena Natesh (1987) compared to H and X tha 
concentration of phosphorus in tha leaf was vary littlo.



In the present study, maximum p content was records-, at

the lata vegetative phase of the crop. Tils result wao
confirmed with the findings of the earlier workers- (Kathov,
1980; sheela, 1982). After shooting period, a decrease
in the content of phosphorus in the vegetative organs was 

vniabfobserved and this may be due to the mobilisation of P to 
the reproductive parts (Sheela, 1982). Martin-Prevel 
(1964) had claimed that total uptake of phosphorus ceased 
at shooting as it was mobilised from the vegetative organs 
for fruit development.

In this study, the concentration of was maximum 
for plants viiich received superphosphate especially in 
the initial periods and as the crop attained maturity, the 
concentration was found to increase for other sources of 
P as well. Thiŝ sS&f" be due to the easy availability of r 
from water soluble P sources at the Initial periods and 
as days went by, the availability of P frem rockphosphates 
also increased and became comparable to that of water 
soluble sources.

5.6. Available and total phosphorus content in the soil

It was found that the P availability was highest in 
the soil at the 45th day after planting. The reason 
be that, in banana, within one month after planting, the
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full dose of phosphorus was supplied and 15 days after 
the fertilization, the sampling was doni and estimated 
for available P content. At this period, the root system 
of the plant may not have established well and hence the 
plants would not have started exploiting the nutrient 
fully. Moreover, within this period, the added phosphatic 
fertilizer may not have been subjected to appreciable 
loss and thus the availability becomes maximum. But as 
the plant attained maturity, due to tha crop removal and 
other reasons such as ageing of applied P the availability 
in the soil tended to decrease.

a slight decrease in the total P20g concentration 
was also recorded in the soil towards the maturity of the 
crop. Both at vellayani and kattakada. availability of p 
in tha Mussoorie rockphosphate treated soil was found 
to be maximum compared to the other sources. Various 
findings showed that rockphosphate is particularly suited 
for soils below pH 5.5, while single superphosphate is a 
proven fertilizer for a wide range of soils (Tandon, 1987). 
Misbra (1980) reported that in deciding the efficiency of 
rockphosphate to crops, the crop x environment interaction 
is important. .dentists differ in their opinion about 
the availaoility of . from superphosphate and rockphosphate 
in acid soils. Jventhough maximum values for P availaoility



was recorded by Mussoorie rockphosphate treated soils, 
difference between water soluble P sources and acid soluble 
rockphosphates in the F availability was statistically 
not significant in this study. This result is in confor
mation with the earlier findings by many workers (Chany 
and Chiang, 1953j kastogi &t al.. 1976; Motsara and natta, 
1976; Nair and Alyar, 1980; Kabeerthumma and iiohankumar, 
1936).

5.7. Influence of organic matter on the release of 
phosphorus

In the incubation stud/, it was observed that the
addition of organic matter to a soil treated with different
phosphatic fertilizers significantly increased the available
p content of soil under moist conditions (Pig. C1 ). The
influence of farmyard manure on the increased availability
of P from different phosphatic fertilizers in acid soil
had bean reported by many earlier workers (Mukhthopadhyay
and Mandal, 1979; Hageeb, 1989). The increased availa- 

nwqkt'bility may be due to the decomposition of organic matter 
under anaerobic condition which lowers the redox potential 
in the soil to a great extent. The resulting reduced 
condition favours the solubilisation of more forric 
phosphates in tha form of ferrous phosphates. Under 
favourable reduced condition, organic acids released from



the decomposition of organic matter may solubilise 
ferrous ions by complex formations (savant and dllis,
1964; Purnachandra fao, 1966) and thereby reducing possi
bility for phosphorus fixation. Compared to aerobic 
condition, anaerobic situation increases the availability 
of phosphorus due to reduction and enhanced solubility of 
Pe-P caused by the reducing conditions as well as increased 
PH {Ponnamparuma, 1965).

In addition to the above factors, mineralisation of 
organic P would have also contributed to the pool of 
available P (Kanwar, 1976). Handal and Mandal (1973) 
reported that organic matter application, reduced fixation 
of P (fee to the chelating properties of the compounds 
formed during organic matter decomposition. The availa
bility of P from rocJcphosphates increased considerably 
during the incubation of soil with farmyard manure under 
moist conditions. This is due to the conversion of 
insoluble tricalcium phosphate to more soluble mono and 
dicalcium phosphate by the large quantity of CO^ formed 
during the decomposition of organic matter (Khan and 
Mandal, 1973).

In this study, the maxiraun availability of phos
phorus was recorded upto 90th day of incubation from the



P sourcus and thereafter a gradual decrease wac noticed 
in the P availability. A similar tiend in the r availa
bility was reported by Hajeeb (1989). This might be duo 
to the raoxidation of ferrous to ferric and the reforma
tion of Ca-P, thus reducing the P availability (^ingh and 
Kara. 1977).

From this study, the favourable affect of phosphorus 
on banana is confirmed. Since large quantities of native 
as veil as added P^subJacted to loss through fixation 
by soil, it trould be worth while if tha residual effect 
of different forms of P on banana is investigated.

This study also revealed the significant influence 
of organic matter on the release of P from different 
sources. Hence studies may be conducted under field 
conditions to evaluate the positive role of organic matter 
on P availability.
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ockphosphate is an indigenous, cheaper source oC 
fertilizer P, since the cost of which is about 40 per cent 
less than that of processed phosphates. The information 
available on the utilization of this cheat source of P 
under upland soil conditions is very rasagre. I fence a 
study was conducted to compare the efficiency of different 
i' sources under upland soil situations with ramfau .lendran 
banana as the test crop. A laboratory study was also 
conducted to investigate the influence of organic matter 
on the p releasing capacity of soil from various phos; natic 
fertilizers.

rho fielo experiment was conducted in two locations 
viz., at the Instructional Farm of College of Agriculture, 
Vellayani and in the cultivator* s field at Kattakada. The 
experiment was laid out in randomised block design with 
four treatments and five replications. Biometric characters 
of the plant like height and girth of the pseudostem, and 
number of green leaves were recorded upto shooting period 
at 4o -a/s interval. The leaf area at shooting porjou 
alone was recorded since the plant aequir os maximum loaf 
area at this sta^o. Period taken for flowering, bunch 
characters li^e lengtn of ounch, number of fingers and 
hands bunch”* and length and girth of finger were also



recorded. Tha data were analysed statistically and inter
preted. a laboratory study was conducted by incubating 
the soil collected from vellayanl under moist conditions 
(30 per cent moisture) with organic matter and three 
different P sources, vis., superphosphate, Mussoorie 
rockphosphate and Rajasthan rockphosphate and soils with 
and without organic matter. At 45 days interval( soil 
samples were drawn and analysed for the total and available 
phosphorus contents. The data obtained were analysed 
statistically and the results are summarised as followsi

1. Tha height of banana plant was found to be influenced 
by phosphorus application. But there was no significant 
difference between P sources on the height of the plant. 
The plants treated with superphosphate recorded rela
tively greater height at both locations tried, vis., 
vellayanl and Kattakada.

2. The effect due to different phosphatic fertilisers on 
the girth of pseudostem was statistically cm par and 
the maximun girth was recorded by plants supplied with 
superphosphate and minimum by the control plots, at 
both locations.

3. The number of functional leaves produced was found to be 
Influenced by phosphorus application eventhough the
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difference between the ~ sources on this charactfsr was 
not significant. At Vellayani, plants treated with 
flussoorie rockphosphate produced maximum nuinb >r o* 
leaves While at kattakada those with i.ajaathan rock
phosphate produced the maximum number of leaves and the 
control dots, the minimum number at both daces.

4. The leaf area was found to be significantly influenced 
oy phosphorus application. «t ooth locations, . lants 
receiving superphosphate recorded the maximum lear 
area, and those with no P treatment recorded the minimum.

5. Phosphorus application ha4 significant influence on 
the flowering of the banana plant, since the plants 
without P too*. more days for flowerin_ com. ared to the 
treated ones. Plants supplied with superphosphate 
flowered earlier than the others at ooth sites.

f. From this study, the growth characters of banana plant 
were foun-* to be influenced bi phosphorus api lit at ion. 
itowevei different sources were on par in their influence 
in most of the ,rowth characters.

7. Phosphorus application significantly influenced the 
yield of oanana plant over control. f si-nificant 
positive correlation with yield and uptn of i as



observed. Ho significant difference could be noticoc 
due to different v sources on the yield of oanana. The 
greatest yield was recorded by plants treated with 
s uporphosphato.

8. bength of ounch was significantly influenced by the 
treatments While not much significant effect was observed 
on the numbei of fingers ounch-1. nuporihosnhate was 
found to be on par with Mussoorie rockphosphate which 
inturn was on par with other treatments. With respect
to number of hands bunch-1, at Vellayanl, the treat
ments produced significant Influence unlike at Kattakada. 
similarly, the different treatments produced si _,nxrleant 
influence on the length of finger at Vellayanl unlike 
at Kattakada. vhile no significant influence could be 
observeu on the girth of finger at ooth locations.

9. The treatments produced significant effect on the total 
drymatter production. It® quantity of drymatter producer 
varied with locations and treatments. At ooth locations, 
superphosphate treated plants recorded the maximum 
drymatter content. A significant positive correlation
oetween the total drymatter production and P upta.ee 
was observed.
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1 0 . At ooth locations, application of phos hatic fertilizer’, 
pro ueed significant effect on the l u take oy lants 
out tha variations due to different r source, were not 
significant.

11. In general, the phosphorus content in tha leaf was 
found to increase from late vegetative phas» to c'”ootin- 
Period, as tha period Increased, concentration of .
in the leaf tended to increase upto shooting and then 
decreased at harvest stage, /t 45 days after planting, 
superphosphate treated plants recorded the mayinum 
concentration of P in the leaf but later, the concen
tration of P from rockphosphate was also founc to 
increase and thus at shooting sta^e,all tha three forms 
of P were on par with respect to lea' F content.

1 2 . Application of phosphatic fertilizers influenced 
significantly the available P content in the soil out 
the effects of the different P sources wsr statisti
cally on par in this character. At tho initial p„noc, 
of sampling, p availability was^reatost Cor the soils 
treated with superphosphate and at later stages, no
si nificant difference was noted between the treatments 
on the p availaoility.
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13. P fertilization increased total content in the
soil while variation between the sources were not 
significant.

14. In this study, in most of the growth and yield 
characters, maximum efficiency was shown oy plants 
treated with superphosphate but at the sametime the 
efficiency of rockphosphatas was comparaole with tnat 
of superphosphate in these characters. Thus, it indi
cates the possibility of utilizing the cheaper rooc- 
phosphates as an economic source of * for banana 
especially under upland soil conditions in Kerala.

15. In the laoorator^ incubation study to assess the 
influence of organic matter on the release of P from 
different P sources, an initial drastic increase in 
the i availaoility was observed upto 90 days of incuba
tion whicn gradually decreased later. This study 
indicates the significant influence of organic matter 
on the increased y availability from the soils treated 
with different P sources. Maximum p availaoility was 
recorded in superphosphate treated soils incubatea with 
organic matter. Various sources of P behaved similarly 
and were on par with respect to the release of phosphorus 
due to organic matter Incubation.
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1C. Phosphorus being fixed in soil, it's residual effect 
is considerable especially in tha case of the slowly 
soluble forms. In the light of this fact, it would be 
worth while, to study the residual effect of these 
forms of nutrient P on banana, with and without organic 
matter additions.
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ABSTRACT

Though phosphorus is one of the key nutrients for 
plant growth, the consumption rate of phosphatlc fertilizers 
in India is found to be comparatively low. The escalating 
cost of the imported raw material used for the manufacture 
of P fertilizers may oe one of the possible reasons for 
the low intake. In this regard, the direct application of 
cheat native ground rockphosphate as a P source is a 
fruitful attempt especially in acid soils. The present 
investigation was conducted to compare the efficiency of 
different phosphatlc fertilizers including rockphosphates 
in upland soils with 'ifendran* variety of banana as the 
tost crop. The present study comprises of two aspects, 
field experiment and laboratory incubation study. The 
field experiment was conducted at two locations, viz. at 
the Instructional Farm attached to Collage of Agriculture, 
Vellayani and at kattakada, in the cultivator*3 field.
The experiment was laid out in randomised block desi jn with 
four treatments and five replications. The laboratory 
study was carried out in the soil, treated with different 
phosphatlc fertilizers after incubation with organic matter 
under moist conditions to assess the influence of organic 
matter on th« release of P from different P sources.



The growth characters of banana plant such as height 
and girth of pseudostem, number of photosynthetically 
active leaves, leaf area and period taken for flowering 
war© recorded and analysed upto shooting stage of tha crop. 
The ounch characters like weiĉ it of bunch, length of bunch, 
number of fingers and hands bunch”*, and length and irth 
of finger were also recorded and analysed. Phosphorus- 
application significantly influenced biometric characters 
of the crop while the differences between the various r 
sources were not statistically significant. Tn most of 
the growth and yield characters,comparatively higher effi
ciency was shown by plants treated with superphosphate, 
eventhough, it was statistically on par wit’’ th’ other 
sources in ooth locations. Thus^it indicates the uo3si- 
oility of usinc cheaper rockphosphatas for meotinv tJ>e 
phosphorus requirement of banana in upland soils of Kerala, 
rather than going in for the costly superphosphate.

Ihe effect of treatments on the drymatter production 
weee significant at both locations. Phosphorus application 
significantly increased the P uptake. However the different 
P sources could not produce significant variation in the 
uptake of phosphorus m  both locations. The phosphorus 
content in the leaf was found to be maximum from the late 
vegetative phase to shooting period of the plant growth.



i ith respect to available and total contQnt *n the
soil, the differences between the various sources were not 
statistically significant though, addition of phosphorus 
increased the available as well as total PgOg content of 
soil significantly over no P treatment. A significant 
positive correlation existed between the leaf P content 
and total F uptake. Similarly a significant positive 
correlation between yield as well as total drymatter content 
with P uptake was observed.

The incubation study revealed that organic matter 
produced significant effect on the release of phosphorus 
from different P sources added to the soil under moist 
conditions. Upto 90 days of incubation, increased availa
bility of phosphorus was recorded in all treatments, and 
the trend continued till 135 days. A gradual decline in 
the concentration of available F was noticed thereafter. 
However, a favourable influence of organic matter on the 
release of P from different sources has been orought out 
from this study. Whan the mean values of available P 
over all the periods were compared, maximum availability 
was recorded by soils incubated with organic matter and 
superphosphate. In general, various sources of P behaved 
similarly and were on par with respect to the release of 
phosphorus due to organic matter incubation.


