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IRTRODUCTION

Among fruits, banana has a prominent place
in Xerala, vhich accounts for an area of about
*50,000 ha in the State. About 80 per cent of this
erop is grown under rainfed somdiitions and the
predominent cultivar is ‘Palayankodant®,

Surprisingly the research vork hitherto under-
taken in Kerala was mainly on irrigated bananas which
has resulted in little understending of the problems
concerning rainfed bananas. The eultural and manurial
requirements of the rainfed bananas appear to vary cone
siderably singe the eonditions under which they are
grown is entirely different from irrigated bananas.
The relationship betwesen developmentsl physiology and
fertiliser application has been well established in
bananes (Croucher and Mitehell, 1M0). As far as
irrigested basnanas are concerned this aspect has been
worked in detail. The results of these works however
have little applicstion on bananas grown under rainfed
eanditions, Understanding the physliology and nutrient
uptake pattern of a ¢rop is s prerequisite to work out
the proper fertiliser schedule and time of spplication
of nutrients, The earlier work of nitrogen nutrition

*Source: Farm guice 1981



gonducted in the Department of Pomology (Valsamma
Mpthew, 1980) has indicated the necessity for indepth
study of various aspects of nutritional upteke in
rainfed banana. The present work in potassium nutri-
tion was taken up mainly with the purpose of obtaining
additional information on potassium needs of rainfed
benanzs. The basic studies on nutritional requireucnis
of rainfed bananas vill be ultimately useful for
vorking out the fertiliser schedule as well as the time
of application. The present study was therefore
undertaken with the following objectives.

1. to study the effect of differcnt levels of potassium
on growth ylelc and guality of fruits

2. to gtudy the uptake and distribution of nutrients at
different phases of growth and dewvelopment, and

3. to find out the optimum dose of potassium for rainfed
bananas,
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REVIEW OF LITERATURE

The pertinent research work in the potassiun
nutrition in banana is briefly reviewed below,

Potassiun in banana matrition

Manurial experiments as early as in 1921 had
revealed that nitrogen and potassium were required in
large amounts by banana (Faweelt, 1921). Norris ani
Ayyar (19%42) reported that banana plants required large
quantities of potassium, moderate quantities of nitrogen
and relatively little phosphorus for optinsum procustion,

An increasss in the yield of banana was observed
by Wood (1939) by the application of farm yard manure
and potash, Bowman and Esstwood reported in 190 that
in Grosmichel banana potash at three 1b per stool and
nitrate of soda at 208 per month per plant increased
the yield by two per gcent and 30 per cent respectively.
Ko response to phosphoric acid was observed. 7They
obtained best results in Cavendish bananas by using
%40 os of nitrate of soda and 3.5 os of sulphate of
potash per plant per ysar, |

Croucher and Mitehell {1940) observed that in
banana an increase in yield eould be secured only by



the application of nitrogen in soils which were rich
in available P2°§ and xaﬂ. Similar results vere
obtained by Butler (1960) and Wardlaw (1961)

In sandy soils marked increase in production
was obtained by K application and slight increases by
N =nd P (Decuncha and Fraga, 1963). For these soils
60 g N, WO g Paos and 329 g xzo per plant was recommended
for getting increased yields., Twyford (1967) found that
amount of potash was alvays the highest of the nutrients
anclysed being between 2.2 and 4.6 times as the contente
of nitrogen and eritiesl menuring could be dm&ik : 1
ratio of N, P and X, Lshov (1973) suggested that
atleast 1200 kg/ha of potaussiun chloride is required to
ensure better ylelds. Twyford and Walusley (19A)
recomsended a ratio of 919135 of NPK wnich should be
applied at the rate of 6,25 tonnes/ha and for ratoon
0.6% tomnes/ha., Optimm K0 rates recommended by
8amuel gt al. (1977) for increased munber and weight of
pluntains were 420 and 405 kg/ha respectively. Fou
bananas grown from suckers under drip irrigation optimum
fertiliger rates were found to be 1000 kg/ha mos for
plots vithout orgenic mahure and 2000 kg/ha for manured
plots (Lahav 9% sl., 1981).



In Queensland having red basaltic solls
Sumrerville (19%l4) found thet there was cansiderable
respanse to nitrogen and potassium vhen applled together
than when these were applied separately., Application
of phosphorus to these soils had no effect on growth,
Under French camsroon eonditions increased yields vere
obtained by applying 105 kg N, 190 kg P 04 and 550 kg
K,0/ha (Borel, 1952). In French Oruinea Pelsgrin (1953)
sugzested that fertilisers should be rich in potassium,
a ratio of 613128 of K, P265 and KaO being suitable,
Studies in Jamaica and Honduras by Butler (1960) revealed
that economic responss to fertilising cah be expected
only from the uss of nitrogen, But ascording to Banana
Board Research Department potassium also was found to
induce detter ylelds in many loocalities in Jemaica
(Anon, 1961), For New South Wales conditions an annual
dose of 225 kg Ny 55 - 110 kg P,0; and 500 kg K;0/ha
wvas regomuended by Twrner and Bull (1970). In Madagasear
yield rose with increasing xao application, IThe greatest
response was for the highest dose tried nanely 1325 kg/he
{Moreau and Robin, 1972).

Investigations by Xoen gt al. (19/6) in leavebu
area revealed that an annual application of 230 to M50 g



of potassiux ammonium nitr”ate and 110 o 230 g supere
shosphate mnd 130 to 350 g potassium chloride was
ateguate for optimum yields anc good quality fruits.

In India, Gandhi (1951) reported that in the
Poona rezion nitrogen application was found to be
highly beneficial, whereas addéition of phosphorus and
potassiunm produced no mdditional yleld. Gopalan lair
(1953) reported that under wet heavy clay solls of
Aduthural there wes Do respofise to the adcition of K
or P, The cultivar used for trial was 'Poovan'!., In
West Bengal investigations with Martman variety by 3han
and Majumdar (1956) gave a similar result, Plants
cropped earlier and ylelded better when heavy applications
of N vere used, but did not respund to 2 or K. K added
to a low basal application of k also increased the
numb:r of fingers upto the level of that produced by
plsnts regeiving heavy applications of 1., Trials in
U.P. in Cavencisn banana by Teaotia gt al. (1971)
revealed that growth and yield were highesat when plants
vere supplied with 300 g ammoniua sulphate, 600 g
superphosphate and 300 g potessium sulphate per plant,
The trestments had no warked effect on guality., &Sarma
and Foy (1971) reported from experiments on Dwarf



Gavendish ov, jshajes in Gauhati that 600 kg N, 320 kg
9205 and 320 kg xao per heatars gave the greatest
prof&t.

In a five year trial in Kerala on Nendran banana
by Pillei gt al. (1977) it was founc that yields were
greatest at: N anad xzo at 191 and 3071 g per plant per
year respectivaly. There was little or no response %o P,

Effect of potassium on growth

Croucher and Mitchell (1940) found that plant
growth wvas increased by application of nitrogen along
with 1’205 and KQO. Sunvervilie (19%4) showed tnat
whilst in the very early stages of growth significent
ineressed were associated with the presence of added
potash, no difference was found later. Bresesowsky end
Ven Biesen (1962) reported that the treatuwent with
60164 h50 1b/acre of EPK produced significently more
leaves than treatments 6016431150 and 1201641150 1b/acre,
Jagirdar anc¢ Ansari (1966) found that in Basrai variety
of banana, stem girth was inoremsed vhen P was applied
alone er with K at the rate of #8 and 96 1b/acre
respectively, In a ireen house study with Grosmichel
bDananas Hernsdeg Medina and Lugo Lopes (1967) found



that high K favoured better plant dewslopnment,
Lacoevilhe (1973) @lsarly incicated that K applicstion
influenced the number of functional lesgves.

Effect of potassiun on yleld and yleld attributea

Ballion gt ale (1933) obtained increased
yields with nitrogen and potesh applications in banana.
Bhangoo gt al. (1962) found that a 350-160-180 formu-
lation of N, 9205 and Ka0 greatly increased ylelds,
buneh veizht, number of hands per bunch and markefing
quality as compared with 350 1lb N alane. Jagirdar and
Ansari (1966) reported that Basral variety of banana
receiving 96 1b/asre of K.80, alone, gave the highest
yield in terms of bunch weight, number of fingers
per unit area and the highest monetary returns per l1bd
of fertiliger applied. Melin (1970) found that KCi
at 2 kg per plant and N at 250 g per plant caused marked
inoreases in growth, earliness, bunch weight and yleld.

Yang anc Pao (1962) studied the effect of K
on Fairyman banana. ZThey reportsd that increased dose
of K exerted a favourable effect on nearly every
feature of fruit growvth and quality. The averaze weight
of the bunch increased by 3.2 to 36,8 per cent in the
first yesr.and 53,8 to 72.1 per cent in the second year.



The dirference in bdbunch weight between potash applied,
(1600 k3/ha) and potash depleted soil was highly
signi’ic-nmt. The average weight of the finger was
increased by potash by 15 to 27 per cent during first
year anc 27 to 48 per cent in second year, likewise
the weight of flesh, weight of pesl, thickness of rind
and length and circusference of the finger was found
increasing.

Osborne and Hewitt (1963) found that the total
weight of the fruit per aere as well as the average
bunch weight showed appreciable increase with increased
dose of potash.

Veeraraghaven (1972) reported that significant
increase was observed in number and weight of fruits
in Hendran banana in Kerals with 228 g N, 228 g P05
and k56 g K0 per plant per year.

Effeet of potassiun on fruit guality

In an experiment by Ho (1968 a) in Taiwan
inereasing supplies of K increased the number of hands
and wei ht of finger, rind thickness and finger length
and eircumferenge. Increased K also merkedly improved
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fruit conditicn as observed after 20 days storage.
Potash at 450 to 600 g or more per plant was
recomaended for Tatwan,

Teaotia gt als (1972) reported that gquality
of fruits was not influenced by the ancunt of
fertilizer applied, Aecording to Koen, (1976) optimal
yields of high quality fruits were obtained with an
annual application of 370 g potassium ammwonium nitrate,
along with W50 g potassium chloride per plant. Yields
and fruit gquality wvere lowered by hisher applicstion
rates or when the lattar treatzent was supplimented
wvith 250 g msgnesium sulphate.

S8tudies condusted by Venkatarayappa gt al.(1976)
on the effect of post shooting applications of potassium
dihydrogen phosphate revealed that the treatments
significantly increased the volums and weight of fruits,
The volume of fruits increased by 26.88 and 32.6 per cent
respectively in Giant Cavendish and Dwarf Cavendish
bananas. ZIhere was an increase of 62.5 per cent in
Giant Cavendish and 32,6 per cent in Dwarf Cavendish in
the weight of fruits, The ripening of the fruit vas
delaye€ in both the ¢lones, Treatuents in general were
found to lovwer acidity.
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8ingh g% al. (1977) reported a presaging
effect of higher dose of fertilizer cn quality
parameters of the variety Basral Dverf in U.P. in
addition to increased yleld and higher number of
fingers. A dose of 150 g N, 90 kg ons and 170 kg K0
supplemcnted with 20 kg oompost per plant was recommended,

8plit application of potassium

Fertiliger applicntion must follow the potential
growth of the plant, Generally earlier applic:tions
before shooting decides the bunch sipe snd nuaber of
fingers and totally the yield.

Summerville (154b) stated that the time of
application of fertiliser was obviously important and
for better results it should be applied during the
early stages of the orop. Oshorne anc Hewitt (1963)
found no signific=ant difference in yield between
applic=tiong of the fertiliger made once in g year or
thyee times in a year. Twyford (1967) reported that
K supply in the £irst two months had a greater
influence on the nuaber of hands produced, while potash
abPplied after shooting did not influence the finger
sigm. Accorcing to Ho (1968 b) earlier aspplications
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of x.‘.,o was most benefiscial to plant growth and fruit
yiald.

Shanmugham and Velayudham (1972) stated that
K could be applied in three split doses wvis., 1st, 3rd
ané 5th month after planting along with nitrogen in
Tamil Nedu. Ascording to them fertilizers did not help
in increasing the yleld if applied after the sixth
month. In Assam three split applications of 900 kg N,
W80 kg P2°5 and 480 kg K0 per hectare were given for
Dwarf Cevendish (8arma and Koy, 1971). Veeraraghavan
(1972) reported that for Nendren banana in Kersla, -~
application of 228 g M, 278 g 9205 and 50 g K0 per
plant during second and fourth month after planting in
two equal split doses was effective along vith a single
dose of ome kg CuO.

Uptake and distridbution of nutrients

Norris and Ayyar (194+2) worked on the minersl
requirement of banana and found that X and Cy were
the chief substances in the uifferent parts. Jacob and
Uexkull (1960) found that the nutrient removal by a
30 tonne crop was to the turne of 50 to 75 kg N, 15 to 20
kg ?205 and 175 to 220 kg K,0 respegtively. Martinprevel
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(1964 ) estimated the putrient uptake in Dwarf
Cavendish banana as 50 kg N, 12,5 kg "a"s and 150 kg
xaa/na. for a production of 25 M tannes per hectare
per year. Turner (1969) reported that the quantities
of nutrients taken up hy banana plants and incorporated
into nevw grovth over a 12 month period indicated high
requirement of nitrogen and potessiun and a low
phosphorus,

Aecording to Joseph (1971) a banana erop
produeing 16.25 tomnes of fruits required a fertiliger
dose of 3B kg N, 5 kg P2°5 and 265 kg K,0 per acre.
Shanmugham and Velsyudham (1972) cstimated the upteke
of nutrients by banana plants as 300 kg N, 80 kg P205
and BOO kg xao/n.. Btudies on nutrient uptake by
Jauh-ri g% al. (197) revealed that in the first few
months of planting there was rapid uptake of N, PZOS
and K,0. K content in leaves and roots decreased with
age but that in rhizome and pseudosten increased,
pseudosten was the richest in potsssium,

Twyford and Walmsley (1974) conducted an
exhaustive uptake study with robusta variety, At the

sucker stage the potassiun cantent of the corm was



found to be higher than that of pseudostem, At the
early and late vegetative stajges pseudostem vas
alvays the greatsst repoasitory of potassium followed
by the leaves and the comm., At shooting pseudostea
and leaves had the higheat potassium, with cora and
usually the internal fruit stalk next. At the shot
stzge fruits cantained most of the plant's potassium,
petioles and infloreseence contazined the least XK,

At harvest the gensral order was {ruits, followed by
peseudosten, Other organs varled in ranks with
extermal fruit stalk, petioles and inflorescence
lowest, This study shoved that a hizh yield was
associated with very high uptske of xzo than vith
high uptake of other mutrients,

Veeranna gt al. (1976) reported that

Eobusta required XN, Paﬂg and K0 at the rate of 325,
79 and 1195 kg per heetare respectively, while the
requirenent for pooven was 408, 35 and 1285 kg of N,
PEGS and Kao respectively. They further reported
that nitrogen and potassiun were absorbed more in
pre~flowering stage in Robusta, There was howvever a
continuous and steady uptuke of nitrogen snd potassium
and the quantities were almost equal before and after
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flowering in Poovan, Ilsafl wvas found to be the
gpecific tissue for diagnosing nitrogen and phosphorus
at all stages of zrowth, For potassium however, sheath
vas found to be the nmost suitable tisgue.

Critical levels of putrients in banana

The nutrient status of the banana plant at
& particular stage may be incicated by the concentration
of nutrient elements in the leaf or any other specific
plant part., The practical aim of leaf tissue analysis
is to deterazine the nutritional status of the plant
at varicus growth stages, remedy deficiencies or
excesses or imbalanees discovered and thereby improve
final yield. leafl anulysis results izay be applied
with great precision for establishing interrelationship
betveen (a) the amount of fertiliper applied to soil
in which the crop is grown (b) the coneentration of
major elements in leaf tissue of the crop after the
fertiliser has been added (¢) fruit yielc of the crop.
The relationship will help in predicting fertiliser
rates for desired optimum level of nutrient concen-
tration in leafl tissue and subseguent fruit yield
(Fanchawva- 8% Al., 1973).



ILaef analysis in banana was standardised
by Hewitt (1955) in Lasatan banana., He determined
NPK coneentrations of 3xd, 5th and 7th leaves and
decided to adopt the third leaf as the standard one
for sampling, as it had the highest concentration

16

of nutrients, The oritieal level of nutrients reported
by him was 2.6 per cent N, 0,45 per cent 9205 and 3,30

per cent x.‘,o. He also observed that no increased
yield was likely to be obtained by the additional

application of P.‘,Os and K.0 over and above the oritical

level, Murray (1960) found that the leaves of the
plants supplied with X showed very little fall in K
cantent with increasing age. 7This wvas in cantrast
to K deficient plants, where not only the expected
low level but the gradient with increasing age was
very mch proncunced, He also confirmed the choiee
of third leaf as satisfastory, The eritical levels
reported by him for N, ?265 and x,o respectively,
Ascording to Boland, (1960) the levels of 2.8 to 3.0
per cent N, 0.0 to 0,55 per cent ?205, 3.8 to 4,0
per eent xzo in the leaf vere optimum and also found
the middle lamina halves of the second leafl before
shooting as the best,
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In Israel, Hagin gt al. (196+) found no
significant correlation between yield responses and
various levels of aVailable nutrients in the soll and
the nutrient content &n the leaves with regard %o
¥ and P, But in the cass of K there was an apparent
relationship between yleld responses and matrient
loevels in leaves, Ihey recommended adiition of
nutrients when the leaf content fell below 0,19 per cent
for P, 3.3 per cent fSor xao and 3.2 per cent for
nitrogen, Ywyford (1967) standardised the fourth
youngest leaf to asssss the coriticsl level of nutrients.
The critical level Sor N was shown to be 2,9 per cent
in most soils and 2.6 per gent in very light soils,

For Py0¢ 1t vas 0,29 per cent to 0,48 per Sent and

for K,0 1t wvas 3.8 per cent. The condentration for
nitrogen and potassiua were cmstant, and vere regommended
for wide adoption,

Rewitt and Osborne (1962) working on Laeatan
variety of banana obssrved that for securing high
yields, the leaf tissue should have 2,6 per cent N,
0.40 per cent 1’205 and M,0 per cent K,0 respectively.
Potash application rapidly Snecreased leaf K and
heavy application decreased leaf nitrogen, Twyford
and Coulter (1964+) reported that adequacy levels for
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N, Py0; and K,0 was found to be 2.0, 2.29 to O.k8
and 3.8 per cent respectively, Ho (1969) established
significant positive correlations between K concen~
trations in third leaf in one hand and stem eircum-
ference, heizht, number of fingers, yielu and bunch
veishts on the other., Lacoevilhe and Martin prevel
(1971) analysed bshana leaves for K concentration in
third and fourth leaves (combined) and expressed as
percentage of dry matter during flowering stage.
During flowerirg and cutting stages the levels of K,0
wvere h,3 and 8,5 per eent respectively whercas K
deficient plants showed 2,65 and 1.8 per cent during
the sase stage.

Sunder 8ingh (1972) reported that leaf nutrient
content of 3.13 per ocnt N, O per cent 9205 and
3.89 per cent xao in the fifth aonth and 3.37 per cent
By, 0.51 per cent P 0, and .36 per cent K0 in the
seventh month were optimum for the wvariety Robusta
for high yield. Rendhawa gt al. (1973) reported that
the K content of leaf tissue was not influenced by
the varying levels of nitrogen and phosphorus at any
stage., Increased levels of potash increassed the K
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concantration in lesl tissues in Fobusta banana.
Effect of potassiua Geficiency

The ogcurrence of prematurs yellowinz in
8 to 10 month old Lasatan bananas was associated wvith
low leaf content of K csused by a low content of K
in the dry ion (Hasselo, 1961). On chinchina series
soils xao at 200 or 400 kg per hectare controlled
premature yellowing (Garela, 1970). Aecording to
Cassidy (1960) in deeclining banana plantationa the
Tirst deficiency to appear was that of potassium, This
wag folloved by the dominence of paragrass, the bananas
then becoming worthlegs, Murmay (1960) observed
that visual deficiency syzptoms of K oocurred at
levels cousiderably lower than those at vhich growth
vas reducec,
Intersetion of potassium vith nitrogen, phosphorus,
ealoius and magnesium in benana

Increese or decrease of one elemsnt nay
increase or decrease substantially the other element
thereby erusing complete deprivation of one particular
elenent to the plant, Such antagonism or synergism
between nutrient elements affect growth and development
of banana plant conalderably.
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Hevitt and Osborne (1962) studied the
putrition of Lacaton dansna and reported that applie

cation of K was reflected in rapid increase in the
content of 'K' in the leaf and high dressings

brought about depression of nitrogen in the leaf.,

Ho (1969) reported that K application lowered the

leaf Cy Mg and N ecantents. According to Lahav (1973),
K had a marked effect on the bese metals. There is
antagonism betweed K and M: and K anc Cp as also
between K and K and K and Ha. 3ut a synergestic
relation was observed between X and P.



Materials and /[ez%o/ﬁ




MATERIALS AND METHODS

The present investigation wvas garried out to
stucy the effect of different levels of potassium on
grovth, development, dry matter soccumulation, yleld,

fruit gquality and uptake of nutrients in rainfed banana

Musa (AAB group) 'Palayankodant. The expeiiment wvas
canducted in the Department of Pomology, College of
Horticulture, Vellanikkara, Irichur.

S04

The 801l of the experimental area wvas well
drained acidic and lateritic elay loam, The chemical
eharacteristies of the s0il are presented in Table 1.

Weather dats

The detalls of the metesorological observations
for the cropping season are given in Appendix-i. The
daily maximum temperature during the oropping period
ranged from 26 to 36.9°C. and the minisum from 21.3 to
27.2°C. e range of maximum and minimum relative
humidity vas from 57.7 to 93.7 per cent and 32,09 to
86.5 per cent respectively. There were 110 rainy days
during the period of 363 days which was the duration
of the e¢rop. The total rainfall received during the

21
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Table 1. Chemisal characteristics of the soll

Constituents mﬁ; y}?  Analytical method used
Total nitrogen Oe13 Miorak jeldaehl (Jackson,1958)
Available 0,001 In Bray~1 extract;
phosphorus

aghlorostannous reduced

malybdophosphoric blue
galour method (Jackson, 1958)

Avzilable 0,01 In 1 N neutral ammoniunm
potassium acetate extract; flame

photometric (Jackson, 1958)

pH 53 112.5 soiliwater ratiog
using a pH meter

EC (Bpecific Ou1 millimhos/ 112.5 soiliwater ratioj
econductivity) om using electrical
conductivity bridge
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period wvas 303%.9 mm. The maximum rainfall vas
received during the momth of June 1981, During plenting
and at harvest, practigally there was no rainfall and
the temperature was comparatively high. The period of
crop establishzent (April-May) was also during hot
sum:er, The average monthly rainfall wvas 121 mm, Pot
vatering at the rate of 9 litres per plent was done at
fortnightly intervals from the first week of planting
till three months for the establishment of the crop. The
maximun rainfall was received during the pre-shooting
perioé from June to August,

Gultivar

The cultivar sclected for study wvas "Palayankodan®
coming uncer the sub group Poovan with AAB genome, This
1s a popular cultivar of banana in Kerala being of herdy
nature and having average fruit gualities, This 4is
mainly grown as a rainfed crop.

Suckers of uniform sige and age (3 months old)
vere selected and the pseudostem was cut back to a
height of 60 on before planting., By taking five random
samples the nutrient content of corm and pseudostem of
the suckers wvere estimated before planting.
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F4eld preparation

Pits of sise 50 om’ were dug at a spacing of
2.13 m x 2,13 m, after thorough ploughing and levelling,
Suckers were planﬁd on 3rd March 1962. A basal appli~
cation of 15 kg fara yard manure (nutrient value Q%
per cent nitrogen, 0.3 per oent P205 and 0.2 per osnt
x203 vas given, In adiition to this 2.5 kg of green
leaf (nutrient value 0,98 per cent nitrogen, 0,30 per cent
P2°5 and 1.96 K20) vas also incorporated into each pit.
Twenty five g of thimet granule was also applied in the
pits before plonting as a prophylatic measure against
rhisome weevils anc aphids, Uniform cultural operations
and crop management were adopted during the cropping
period,

Experimental design end layout

The experiment vas laid out adopting the rando-
mised blogk design, with five treatments anc five
replications, In each plot there wers five rows spaced
at 2.13 m. Five suckers each were planted at 2.13 m 4in
the row. Thus there were twenty five plants per plot
as shown in figure-I, For recording morpholosical
characters three plents were seleoted as indicated in the



Fig.1- LAYOUT PLAN
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o & ® ® o
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Ka Ka Ky Ko Ksg
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o
Ko . NO POTASSIUM. |__TREATMENTS - 5 PLOT SIZE-1065x1065 m*
K4 - 300g.Ka0/ PLANT. sPACING - 2.13 m®,
K2 - 400 ¢.KeaO/PLANT. 000 -BORDER PLANTS,
K3 - 500g.KeO/PLANT. 0008 -SAMPLING PLANTS,
K4 - 600 g.Kz0/ PLANT. : X X-0BSERVATION PLANTS.
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lay out plan, and three plants for nutrient uptake

studies. All remaining plants wore kept as border
plants. Nulmenf 3] ‘ﬁl dud{d be 't:‘ HISQK Q, ?llm (on
~a

a8 do ohing Hve phnk amo
T, T P !

- Control

« Potassium at the rate of 300 g/plant
Potassium at the rate of 400 g/plant
-~ Potassiun at the rate of 500 g/plant
~ Potassium at the rats of 600 g/plant

AN IS
]

Potassiun was siven in the fora of muriate of
potash (¥KC1). Nitrcgen and phosphorus were applied
at the rate of 200 g per plant of k an¢ 200 g per plant
P205 in the form of urea and super phosphate respectively.
The doses tnzt were followed earlier were tzken as a
besls for fixing N and P205 (Valsamma Mathew, 1980).

All the fertilisers were applied in two equal
split doses 90th and 150th day of planting taking advane

tage of sumner and pree-monsoon showers,
Observations
Morphologierl charncters

Observations on various morpholozlcal gharacters
were recorded st monthly intervals fram 90th day of



Plenting to shooting adopting the method of Yang and
Pao (1962).

Plant characters
Height

The height of the pseudosten was measured from
the base of the pseudostem to the axil of the youngest

leaf and recorded in cm,

G4rth

3irth of the pseudostenm was neasured at 20 om
from gr undé level,

Huzber of leaves

Fully opened functional leaves present nt each

observation were counted,
length of lamina

Laging length was measured from its bass to
the tip.

Wicth of lamina

Lanina width was memsured at the broadeat point

in the middle region,

26
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Total leaf area per plant

The leaf area of easgh functional lsafl was
calculated by the formula given by Murray (1960)
(Leaf area = length x breadth x 0,08).

Durztion of the erop

The number of days taken from planting to
shooting and from shooting to harvest was recorded.
The total number of days from plént:.ng to harvest was
also computed.

Sucker production

The number of suckersz per plant wvas recorded
as and vhen they were procduced, However, the suckers
were not allowed until shooting. After the emergence
of the inflorescence one sucker per plant was retained,

Buneh characters

The bunches were harvested when they were fully
siature ae indicated by the disappearance of angles (o
round full (Simmonds, 1959). The following observations
vere made on the bunches,
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Weight of the bunch

Weight of the bunah including the peduncle
was recorded,

lenzth of the buneh

Length of the bunch was measured from the point
of attachment of the first hand to that of the last hand,

Rumber of hands and fingers

The number of hands per bunch and the total
pumber of fingers in each bunch were recoxded.

Average weizht of a hand

Weight of each hand an a bunch was recorded and
the mean value calculated.

Average weight of a finger

The middle fruit in the top row of the sscond
hend (from the base of the bunch) was selected as the
representative finger (Gyottreich gt al., 196%) for
finding out the average weight girth and length of the
fingers. The weizht of this representative finger wes
recorded as the ave:sge weight of a finger.
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Girth and length of the finger

Girth of the finger was measured at the
midportion snd the length,from the point of attachment
to the tip using a fine thread end a seale.

8tudies on nutrient uptake and dry matter production

To assess the nutrient uptake plant samples
wvere eollected before fertiliger application (3 months
after plenting) at the late wvegetative phase (5 months
after planting) at shooting time and also at narvest.
Sampling was done following the method of Twyfiwd and
Walmsley (1973). At esch stage cne plant was uprooted
from eagh treatment replicstimne-wise and separated into
different plant parts excluding roots.

The total fresh weight of the different plant
parts wvere recorded, Samples were weiihed fresh and
dried in the oven at 70°C until consecutive weights
agreed., Tnhe percentage of oven dry matter and the
total dry wei:ht of the whole part was calculated fron
the fresn weight of the sample. All plent parts were
analysed separately for N, P and K, Total uptake anhd
distribution of nutrients vere computed from the values
of the concentration of elements and the dry weight of
the individual organs sampled.



Sampling of Aifferent organs

Rariod of sagplipg

1. Early vegetative phase
Bo}gm.?armiugh
appucaucn)

2. Late vegetative phase

%, Harvest

Qrgans sampled

Corm, meristem, pseudosten,

petiole,laminae and
internal leaf

Corm, meristen, pseudostem,

laninze, internal leaf

Cora, pseudosten, petiole,
laminae inflorescence

Corm, pseudosten, peticle,
laminae internal stelk,
external stalk fruit and
male bud,

Eagch part was weizhed and sampled as given below,

Internal leaf

The whole tiasue

Emergec leaves

Cross sections of 2.5 e from both laminae and

nidrib from the middle portion of all leaves were bulked

and sampled.

30
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Petiales
Cross sections of 2.5 cm from the niddle
portion of all petioles were taken bulked and sampled,

Pseudosten

Two cross sections of 2.% c¢m from near the top
ané near the base were taken and split into halves
longitudinally, Mme half from each section was taken
pocled and spampled,

Meristen

Seversl thin eross sections of the meristem
(growing point of the corm) were tsken and sampled.
Corn

As for peristem
Inflorescence

The inflorescence was cut longitudinally and
a pinimum of one fourth of it was bulked.
Hale bud

The male buds were pruned soon after the
completion of bunch formation leaving a 15 em length
of barren axis. The male bud at this stage wvas separated,



quartered and samples from the diagonally opposite
quarter sectors were pocled.

Interna) fruit stalk

Irangverse sections from the point near the
top middle and near the hase were taken and combined.

External fruit stalk

Three transverse sections were made one near
the point of emergence from the pseudostem one from
near the bunch portion and ane from near the male bud,
These were bhulked and sampled for chemical anslysis.

Fingers

The middls finger from one hand each at the
top, middle and bottam of the bunch was bulked,

Chemical analysis
Plant parts
Nitrogen

Nitrogen content of the plant sample was esti~
mated by Microkjeldahl dizestion-digtillation method
(As0sAsCuy 1960),

32
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Phosphorus

One gram of the ground sample was digested
in 15 ml of a mixture of concentrated perchloric acid:
sulphuric acid: nitric agid in the proportion of 11219
and the volume made upto 100 ml with distilled water
and filtered, PFPhosphorus in an aliquot of this extract
vas determined calorimetrieally using Vanadomolybdophos-
phorie yellow colour method (Jackson, 1958).

Potassium

Potassium in an sliquot of the triple acid
extract of the raamplc vas determined using a flame
photometer (Jackson, 1958).

guslitative analysis of fruitas

The fruits eollected from well ripe bunches were
used for quality analysis. The middle fruit in the top
row of the second hand was selegted as the representative
sample, Samples were taken from each fruit,from three
portions visz., top, midile and bottom and thess samples
wvere then pooled and maserated in a waring blender.
Triplicate samples from this were used for analysis of
different gonstituents as detailed below.
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Total soluble salids

| Total soluble solids were found out by a
pocket refr:ctometer and was expressed as percentage.

Aeidity

Ten gr-ms of the macerated sample wvas mixed
with distilled water and made upto a known vaolume.
An aliquot of the filtered solution was titrated ajainst
0.1 N sodium hydroxide usin; phenolphthalein as
indicator. 7The agidity was expressed as percentage of
citrie acdd (A.0.A.C.y 1960).

Feducing sugars

The reducing sugars of the sample were determined
as per the method described by A.0.A.C. (1960).

To a known quantity of macerated pulp = amall
guantity of distillied water was added. The solution
after thorough mixing was elarified with neutral lead
acetate and deleasded with sodium oxalaete and made upto
a known volume, The soclution was titrated against a
mixture of Feghlings A arki B solutions using methylene
blue as indieator. The gontent of reducing sugar wes
expressed as percentage.



39

Total sugars

Total sugars were determined as per the method
desaribed by A.0,A.C. (1960)., Five ml of congentrated
hydrochlorie acid vas added to a known valume of
clarified solution and the content was kept overnignt.
The solution was then neutralised by adding socdium
hycroxide and titrated ageinst a mixture of Fehling's
A snd B solutions,

Non-reducing sugars

This was computed using the values obtained for
total snd reducing sugars.

Sugar/e0id ratio

This was arrived at by dividing the totsal sugers
with Bitrable acidity and this was reckoned as a 20agure

8tatistical anslysis

The dnta acollected on different plant eharacters

vere analysed by applying the technique of analysis of
variange for randomised block design,
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Variation in levels of K wvas decomposed
into linear and gquadratic components and tested for
significance (Snedagsor and Cochran, 1967). As the
quadratic effect was found to be nonsignificant no
attempt vas nade to fit the guadratic response
function in order to obtain the optimum level. A linear
response function of the form Y = asbx where Y is
the yield and x is the dose of K was fitted to describe
the relationship betwean dose of K tried and responses
achieved.



Josults
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RESULIS

The results are presented under the fallowing
heads with appropriate tables and illustrstions.

EFFECT OF POTABS8IUM ON GHOWTH PANAMETERS

Helght of pesewdosten

Data on the mean height of plants at early
vezetative phase, late vegetative phase and at shooting
are furnished in Teble 2.

The height of the pseudostem st late vegetative
phase and at shooting showed aignificant difference
between treatments, At late vegetative phase the
plants which received 500 g xao showed maximm height )
vhile at shooting, the maxinmum height was found in plants
where 400 g K,0 was applied.

Girth of pseudosten

The different levels of potassium had no
significant influence on the girth of the pseudosten
at any of the stages of plant growth (Table 3).



Table 2. Effect of potassium on ant height at
e dmzmt stages of 5:‘031&1 (om)
levels of Btasp of plant growth
tessium oo o=  Late vege- Shootdng
{e/plont) tative phase  tative phase
0 65.36 ™3.06 211.47
‘0-00 68021 Mow 2‘50%
500 .89 155,06 237.73
600 65.86 15%.53 2,13
C.D. ( 5’) - 3:‘53 1 30 70
EEm 3 - 2,50 %57
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Table 3, Effect of potassium on plant girth at
different stages of growth (em)

Stage of plant growth

L"cls ot
%o late vege~ Shooting
/plant) tativo phase tative phase

0 22,97 hi,53 58.th

300 22.93 Yole 17 61,98

W00 23,53 46,00 62.70

500 23,13 W, 50 61.86

600 2.0 Weo73 61.59
C.D(5%) - N.8, K8,

8km 2 - 143 1.80
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Nusber of funetional leaves

The total number of finmotional leaves per plant
at various stages of growth under different treatments
(vids Table %) showed that the treatments did not show
significant effect on the number of functional leaves.

A tendency for higher leaf number with the highesat level
of K,0 was however noticed,

Total leafl area

The total leaf area as influenced by the treat-
ments in the three stages of growth are presented in
Table 5. leaf area was not significantly affected by the
different levels of potassium, But increasing levels
of K0 tended to result in inecreased leaf area.

Sudker production

The data on sugker production presented in
Table 6 showved that there was no significant difference
in the number of suckers produced at shooting dus to
diffeyent levels of potassiun,
FLOWERIN. ABD FRUIT MATURITY

Table 7 presents data on the nuaber of days fron
planting to shooting, shooting to harvest and planting
to harvest.
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Table b, Effect of potassium on number of functional
leaves at different stages of growth

8tage of plant growth

e
um g ve Late vege~ 8hoo
f;/mw” tative vg::. tative glmao

(¢ 5,00 10,47 9.55

300 3.93 10.93 9.59
400 h,01 10.93 9.19
500 be26 10,97 9+50
600 5406 11.02 10.00
Cle (58) - l.8. N.S.

SEm b 4 - 0.5 0.39
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Table 5, Effect of potassiua on total leaf area
at different stages of growth (,2)
Stage of plant growth
e
po um
(8/plent) 2::11{0 phase ﬂ?ﬁ:”ﬁﬁ;a Shooting
0 0.839 6.9t 9240
300 0?73 7.208 9.820
%00 0,802 7.352 9. 960
500 0.101 7.780 40,654
600 1.050 7990 10,0822
N C-D.(sf) - xosa H.S.
SEnm 4 - 0499 0,406
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Table 6. Effect of potassium on production of
suckers at shooting

levels of potapsium Suckers at
(8/plant) shooting

0 3.87

300 k.50

L00 3.93

500 4,33

600 5.00
C.D.(E“) K.S,

SEm 4 Ou9




Table 7., Effect of potassium on durction of the orop
Nuymber of da)(s‘
Lesvels of Planting ¢o Bhooting t Planting to
?otuuim shooting harvest harvest
g/plant)
0 258.46 97.68 358,55
300 25 .87 97.686 M3.33
W00 21,06 95.62 336,68
500 237.37 96,63 333.99
600 23502 96,57 3M.00
C.Le 5%) 13400 K.8. %,00
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Significant variation vas observed betvean
treataents in respect of the number of days taken
from planting to shooting. lHigher levels of potassium
recorded the minimms deys for shooting (235.4) compared
to contral (258.5 days).

Hoveveyr there was no significant difference
betweon treatments with regard to the days taken from
shooting to harvest which ranged from 95.6 for 400 g
K0 per plant to 97.7 for econtral, With inereasing
levels of potassium, the number of days taken from
planting to harvest significantly decrease:, control
plants recording the maximum duration (358.5 days).

BUNCH CiHARACTRES

The data relating to various bunch characters
as influenced by different levels of potassium are
presented in Table 8,

Weight of the bunch

levels of potassium significently influenced
the weight of the bunch., The highest weight (13,6 kg)
vas recorded at the highest level of K0 and the lowest
in the control (7.83 kg).



Table 8., Effect of potzmssiuz omn bunch characters

levels of lWelght Length ERumber of Weight Number Length Girth Weight
of of of of of

potassiun hands of of
(g/Plant) bunch Dbdunch per hand fingers finger finsar finger
(:g) (cm) bunch (kg) (ca (cz g
0 7.83 We.35 10.33 0.80% 154,02 13.93 9.67 $0.29
300 %81  N9.52 1.9 0.991 189.86 15.32 10.90 59.98

%00 11.33 50.01 11.70 1.06k 187.93 .36 10.55 $9.73
500 11.57 50.79 12.19 1.119 183.83 .67  10.98 60. 7
600 13.60 53.37 12.7% 1.126 202.50 e 00 10.9C 60.14

C.D.(5%) 1.02 807 9.63 0.0l .28 K.S8, 0.57 h.75
SEm ¢ (N 1.49 0.21 G.028 4.763 C. 3 0.19 1.59




Fig.2- EFFECT OF LEVELS OF POTASSIUM ON THE YIELD

OF BANANA
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langth of the Dunch

The length of the bunch also varied signifi-
cantly between cifferent treatmsnts, Higher levels
of potassium resulted in inereased length of the bunech
(53.37 em) differing significantly from contral (43.35 em).

Busber of hands per bunch

The levels of potassium aleso had a significant
effect on the mean number of hands per bunch. There
vas an inerease in the mean nmumber of hands per bunch
with increasing levels of potassium, the highest nuuber
of hands being recorded at 600 g K0 per plant (12.7+),
fallowed by 500 g K,0 per plant and the lowest in the
control (10.33).

Weight of hand

There was significsnt variation between treat-
ments with respest to mean weight of hand. The three
higher levels of potassiunm namely %00, 500 and 600 g
xao per plant recorded significantly higher mean weight
of hand (1.06+, 1.119, 1.126 kg) compared to control
(0.80+ kg).
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Number of fingers

The nunber of fingers showed significent
variation between treatments. The highest level of
potassium resulted in the highest number of fingers
(202,50 and the least was recorded in control (154.02).

langth of finger

Levels of potassium did not significantly
influence the lenmgth of the finger. The mean values
ranged from 13.93 om (Ky) to .7 cm (Kq)e

Girth of finger

Data on the mean girth of finger showed that
the effect due to potassium application was signifieant,
The trectuents Ky, Ky K, and K, were on par snd they
differed significantly from control. 7The highest girth
of the finger (10,98 em) was recorded in the treatment
K, folloved by K, (10,90 cm).

Weight of finger

8ignificant difference was observed between
treatments with rezpest to the weight of finger. Ine
highest weight of the finger was recorded in the
treatonent KB (60,74+ g) followed by K (60,11 g) and the
least in control (50.29 g).
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FRUIT CHAKACTERS

Data pertaining to physiesl characteristios
of the fruit are furnished in Table 9.

Veight of fruit

The different levels of potassium showed
significant differences with regard to weight of the
fruit. All the treatments showed significsznt increase
over the control, The higheat weight was obtained in
K, (58.65 g) and the least in canirol (/.2 g),

Weight$ of the pulp

Increasing levels of potassium resulted in
signific=nt inorease in the weight of pulp. Maximum
pulp weight of 5,52 g vas noticed in 600 g K,0 per plont,

Welight of pesl

Levels of potassium significantly influenced
pesl weight. ITreatments K,, X, and K, were on par
whereas 13 and K, gave significantly higher peal weight,

Pulp/pesl ratio

The pulp peel ratios showed aignificant wvaria-
tion between levels of potassium, K,y K, and K) were



Table 9. Effect of potassiua on fruit characters
Levels of Fruit  Pulp Peel Pulp/peel
potamssiun weight ] wvel ratio
(g/;lant) (g (lg (g
0 Lh7.42 3».02 11.90 295
300 50.60 37.53 12.28 3.15
W00 55 .00 43.15 12. 34 3.50
500 56,13 b33 12.98 kP
600 58.65 w552 13.17 3.5
Colo(5%) 1.89 1.3 0.63 0,07

00



on par but these differed significantly from x,.
Contral recorded the lowest pulp/peel ratio.

FEUIT QUALITY
The data oo fruit quality are presented in

Table 10,
Zotal soluble solids

I88 was W&owﬁy influenced by the levels
of K. The highest 7828 of 29,82 per cent was observed
at K{ folloved by x3 and x,‘.,. There was no significant
differcnce betwean K, and K, vith regard to T3s,

Redueing sugers
Data on redueing sugar content of the fruits

ol

(vide Table 10) showed that the effects due to different

levels of potassium vere significent., K, Ky and R,

which were on par showed higher peresntages of reducing

sugars than the rest of the trestments,
Ron reducing sugars

There wvas no gignificant difference in non
reducing sugars dus to different lewels of potassium,

However, increasing levels of K tended to increase the

percentage of non reducing sugars.



Table 10.

Effect of potassium on fruit quality

levels of

tasat seiasty LR Gagar T mugar (F)°  aetd  selam
O AUN 84U, ‘ 8 -]
ta/piant) (%) 7)) %38 ratio  solids(%)

0 G.502 .85 13.82 1.03 29.5% 25.76

300 0453 15.38 .25 1.00 3.7 25.58
400 0.1027 17.68 16.58 1.16 40.01 27.70
500 0.M85 17.95 16.83 f.21 36.92 28,52

600 0.485 19.98 16.68 1.33 37.08 29.82
CJ). (55) 0;009 005-2 00§ ,’xsso 1. 99 oc&?
SEm 4 0.003 0.17 0.12 0.097 0.66 0.16

4"



Total sugars

There was sigpnificant difference bdetween
different treatments in the pergentage of totsl sugars.
K, gave the highest$ percentage of total sugers (19,98
per gent), x3 and K, wvere on par {17.95 per cent and
17,68 per cont) and differed significantly from K.
There was significent differsnce between K, and K,
(15,38 and .85 per cent).

Sugars/enid ratio

S8ignificsnt differences were obsgerved in sugar/
acid Tatio between different trestments. K, gave the
nighest ratioc (40,00) followed by K, and K, (37.92 and
37.08) vhich were am par. Control gave the lowest
value (29.5%).

Aclasty

Acidity of fruits were significantly influeneed
by levels of potassium. Control showed the highest
acidity (0,502 per cent).Bue lowest acidity was cdbtained
et K, (0,027 per cent) followed by K3 and K, which vere
on par (0.M85 per cent each).
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DRY MATTEX PHRODUCZION

The data on total dry matter content at
planting and at four different stages of growth vis.,
early and late vegetative phasss, shooting phase and
at harvest are fumished in Table 11,

The total dry matter content progressively
increased with age of plants (Fig.3 and Fig.4), From
planting to sarly wvegetative phase there was on an
average an increass of 188,36 per cent, A further
increases of 33.29 per cent was noticed between early
and late vegetative phases., During the period betwvean
late vegetative phase end shooting time a spectacular
incroeass in the production of dry matter i.e..

699.54% per gent was obssrved. Between shooting and
harvest also the dry matter gontent continued to
inorease but the rate of increase was very low (27.%
per cent) compared to the previous stages.

In general the ingreasing levels of potassium
increassd the total dry astter aontent. The highest
dry matter content at lats vegetative phase wvas
obtained in K (497.08 g per plant) followed by K3
(489,10 g per plant). But at shooting time K, recorded



Table 11. Effect of potassium on tot-l dry matter prouuction

Stage of sanpling

plassim  Awtss  Ser el lleveme-  sheotinr  Hermest
(8/plant)

0 122.70 360.91 %77.02 37:3.840 4577.96
(19%.13) (32.17) (684,76) (22.29)
300 135.60 P 473.36 3928.60 W782.72
(168.69) (29.92) (729.9%) (21.74)
400 125.18 355 .21 h85.89 3899,60 5008. 32
(183.76) (36.79) (702.56) (28.45)
500 124.35 379.86 89,10 3903.00 509.58
(205.48) (28.76) (698.00) (30.53)
600 123.59 358.10 497,08 3888. 80 5315.80
(189.75) (38.81) (682.33) (3%.69)

Note:

The figures in parsntheses indicate the percentage of increase in
dry matter production compared to the previous staje.
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the maximum dry weight which Sas 3926,6 g per plant,
when there was an increase of 729.9% per gent in
production of dry maSter compared to the previous atage
viz., late vegetative phase. At harvest however, K
recorded the highest dry matter content (5315.8 per
plent) as well as the highest per eent of increase
over the shooting phase which vas 36.69 per cent, Both
 at shooting and at harvest the lowcst weight of dry matter
vwas obtained in the cass of control.
Distridution of dry meSter within the plant at different
pericds of growth

Ine dry matter content of various organs as
influenced by various levels of potessium are given in
Table 12 and their mean values sumnarised in Table 13.

At planting dry matter agccumlation vas maximum
in corm (85.56 g per plant), compared to pssudosten
(36.60 g per plant) and meristem (0.86% g per plant),

At early and late vegetative phases as well as at
shooting dry matter sscumilation was concentrated in the
lamina., In the early vegetative phase 42,19 per cent
of the total dry weight was contributed by the lamine.
In the late vegetative phase and at ahooting the share
of lamina in the total dry matter content of the plant



Table 12. Effect of pot-mim on the dry matter content at different
stages of growth

lsavels of Stage of sampling Corm Mexi~ Pseu~ Peticle laninae
sten dosten
l(’x/x::Lam.) (g/plant)

Planting 88.5 0.7 33.5 - -
0 Lh;u t’g::'etauve phase ggg.g 2.2 ‘16.3 1?0'0 118;.2
o0 - - ' ] -

Harvest 252.6 - &:8 113.2 1001.3
Planting o3 0.8 42.5 - -
Bar tatiy m 1™, 1.““ 76- "h'tk 153.
Harvest 271.0 - 823.0 113.2 1013
Mm - 1.0 . - -
Early wegetative phase 1%3 1.3 ?3.? 13.7 e,

400 Late vegetative phase zgg 2.3 ‘12 0 1?5' '195.6
Harvest 3&:8 - gﬁ:g 109.8 1&:6
Planting 1.1 36.5 - -
Barly wegetative phase 12% Z 1.4 79.5 .1 157.2

500 Late vegetative phase 2.6 123.0 21.0 193.¢

m‘ - 1 508 155.0 ‘373*

Harvest 332 P - - 109, é ‘2391%
nanung 89‘ 0.8 .5 - -
mly 'Qﬂet&ti'é ?hm 116;5 1.“' - 12.5 1“‘ 05 ;

600 lLate vegetative phase 0.2 2.2 131.2 20.6 16.6
Harvest 0 - 592 112.0 1303.0

Centinued

LS



Table 12. (Contd.)

levels of Inter- Infloe Inter- Exter-

Fruit Hale
potessiyy  Gtage of sampling Tear T Theam  stel bad
g/plant) (e/promt)
Barly vegetative phase 5.5 - - - - -
0 Late vegetative phase 6.k - - - - -
Shooting - 297.2 - - - -
Harvest - - 195.0 121+ 1999.8 60.8
wvege ve phase o - - - - -
Shoom - 3*.8 - - - -
Harvest , - - 200.% 123.8 2169.2 62
Planting - - - - - -
Barly vegetative phase 4.6 - - - - -
400 %ﬂ wvegetative phase 6.3 35‘ o - - - -
Qom - Y - - - L
Harvest - - 199.6 122.0 2208.2 62
Rarly wvegetative h.0 - - - - -
500 {.‘gg tggetauve p 6.2 3;3 0 - - - -
Harvest - S 198.8 122, 2168.0 62
Early vegetative phase %,0 - - - - -
600 Late vegetative phase 6.3 - - - - -
%ti:)g - 321.“ - - - -
Harvest - - 205.8 122.8 2303.8 61

8§



Table 13. EttacWotanim on dry matter content at different stages
of gr sumary

Dry matter cantent (g/plaont)

levels of potassium (g/plant) Corm Meri- Pseudo= Petiole Laminas Internal

sten stem leaf
0 k.75 1.35 L71. 4k 60,46 %1.89 550
300 258.57 1.4 “h,80 $0.79 555.6+  5.20
W00 265.57 1.53 487,52 60.00 5§75.50 Sl
500 278.22 1.7¢ L91.40 59.93 592.86 5.08
600 278.5% 145 4,88,9% 60.02 603.22 5.18
8tage of sampling
Planting 8E.56 0.86 3%.60 - - -
Early vegetative phase 116.02 1.39 7+ .68 13.98 153.40 4,28
Shootins 679.68 - 13“092 ‘5‘.’08"’ 1382.‘6 -
Hurvest 301.5 - 846.00 111.56 112,64 -
(Contd.)
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Table 13. (Contd.)

Levels of potassium (g/plant)

Dry matter content (g/pl-nt)

Inflores~ Internal External Fruit Nale bud
cence stalk stalk

0 297.20 195.00 121.%0 1999.80 60.82
300 380 200.40 123.80 2169.20 62,68
400 324 .00 199.60 122.00 2208.20 62.12
500 313.00  198.80 122.%0 2168.06 61.38
600 32100 205.80 122.80 2303.80 61.20
Stage of sampling

mmtm - - - - -
Barly vegetatiwve phase - - - - -
hu vegetative phase - - - -~ -
8hooting 3% .08 - - - -
Harvest - 199.92 122.48 2169.80 61.64

03
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wvas 39.41 per cent and 35.69 per cent respectively.

It was seen that 31.89 per cent of the total dry
weight in the early vegetative phase and 28,80 per eent
in the late vegetative phase was found to be concen~
trated in the corm, Pseudosten had 10,07 per gent of
the total dry matter content at the early vegetative
phase and this dncressed to 15.41 per eent in the late
vegetative phase. 7The 4ry weight of pseudostenm
continued to increase and at shooting time .65 per eent
of the totel dry weight was contributed by this orgen,
At this stage only 17.55 per cent of the total weight
vas due to eorm, Inflorescence was responsihle for
8.12 per cent of the total dry weight.

At harvest 43,78 per cent of dry matter cantemt
vag contributed by tho fruits, 7The mean dry weight |
of fruits wvas 2169.8 g per plint. Vegetative parts
showed a declining trend in the produetion of dry
matter at haorvest., The dry weight of lamina continued
to inorease with age until the time of shooting but
recordec a drop in it from 1382.16 g per plant at
shooting time to 114+2.64 g per plant at harvest i.e,

a decresse of 17,32 per eant. Only 23.05 per cent
of the total dry weight at harvest was dus to lemina.



Potassium had a positive influence in dry
matter ascumulation., With inoreasing doses of
potassium the cantent of dry matter also increased in
most of the plant organs. In the ease of corm K
recorded the highest dry matter content (278,55 g per
plant) and control the lowest (2,75 g per plant)
the perecentage of increase being 13.81, The same

pattern was exhibited by pseudosten also with K, giving

the highest dry weight which was 4,23 per cent higher
than thet of the control which gave the lowvest value,
The dry weight of lamina also was highest at K Dbeing
11.3% per eent more than that of control. 7The highdst
dry weight of fruit wvas observed at K, 2303.8 g per
plant and the lowest in control 1999.8 g per plant,
The increass was 15.2 per cent.

But gertain organs like meristem, petiole and
internal leaf did not show consiséent increase in dry
weight with increassed levels of potassiun, The dry
veight of meristenm continued to inereass from K, %o x3
and declined thereafter, The dry weight at K3 vas
1.71 g per plent. K, recorded the highest dry weight
(60.79 per cent) in the case of petiole. With respect
to internal leaf there was no definite pattern of
relationship between levels of potassium and the dry
matter content.
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NUTRIENT UPTAKE
DISTRIBUTION OF NITHOGEN

Bitrogen percventage

The data presented in Table 1+ represent
the percentage distribution of nitrogen in various
organs as influenced by levels of potassium and periods
of growth., The sumary 1s given in Teble 15.

At the m. of planting meristem hed the
highest percentage of nitrogen (1.73:per cent)., In the
early vegetative phase internal leaf (2.09 per oent)
and lamine (1.85 per cent) wers rich in nitrogen,
Petiole had the lowest percentage of nitrogen (0.99
per cent). At the lete wvegetative phase lanina
meristem and internal leaf had 2,18, 2,17 and 2.tk
per g¢ent of nitrogen respectively. In all these organs
the pereentage of nitrogen incressed during the interval
betveen early and late wvegetative phase. In petiale
also tiere was an increase in the percentage of
nitrogen though it still recorded the lowest value
compared to the other plant organs (1.22 per cent),

At the time of shooting there was g eignifiesnt
reduction in the percentage of nitrogen in lamina
(2,00 per cent), corm (1.2 per cent). Pseudostem
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Table .,

ﬁ;f‘et of potas:zium on the nitrogen cantent at different stages

growth
&/plant) (% N on moisture free basis)
Planting 1. L 1.08 - -
Barly vegetative phase 1.% 1.22 1.08 1.% 1.98
) Late vegetative phase 1.40 2.19 1.2‘! 1. -
&WW ‘025 - 13 1.12 2.00
Harvest .10 - 0. 1. .
glag;ins totive ph }‘3? 2 % 0.97 1.86
ar. veze e age P . » ]
300 late us%tagiw phasse 1.39 2.10 1.2 1.2 -
Shooting 1.31 - 1.1 1.19 2,01
Harvest 1.13 - 0.59 1.05 Tt
Flanting 1.16 1.568 0.
Barly vegetative phase 1,21 1.82 Q. 1.13 1.53
%00 Lats vegetative ﬁ\&' 1023 2.2% 1.19 22 219
Shooting 1o - 1.19 Tt 2 o
BRarvest 1.12 - 60 1 -09 .39
Planting 1.18 1.9 1.0% -
500 - Barly vegetative phase 1.47 1.7% 1.07 0.89 1.96
Late vegetative phase 1.4 2.19 1.19 1.20 2.16
%wmg 1.2 1.19 1.20 2.16 20
Harvest 1.08 - C.59 1.0 1.39
Pl&nm 1.‘7 '073 0093 - -
600 Barly vegetative phase 1.23 e 1.02 0.92 1.87
Late vegetative phase 1.39 1 1.22 1.:2 2.17
Shooting 1.2‘)' 1.20 2,00
Harvest 1.10 - 0059 1.07 1."9
(Cantinued)
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Table t, (Contd.)

Levels of
tass Inter- Inflo- Inter- KExter- Male
| ‘C’:/planig Stage of sampling nal regcence nal nal Fruit o4
leaf stalk stalk
(% ¥ on moizture free basis)

Flanting - - - - - -
Early vegetative phase 1.98 - - - - -
Shooting - 1.67 - - - -

Harvest - - 10?‘ 1.3" 0.80 1.64
Flanting - - - - - -
v Emmmivme 2% c D Do
“ VO - - - - - -
mooﬂu?. - 1 069 - - - -

Harvest - - 1.2 1.3% 0.80 1.6%
400 lLate wvegetative phase 2.15 - - - - -
Shooting - 1.70 - - - -

Harvest - bt 1023 ‘.23 0.82 1.&
Barly wvegectative phase 2412 - - - - -
500 Late vegetative phase 2.15 - - - - -
Shooting - 1. 7% - - - -

darvest - - 1.23 1.26 0.82 1.62
600  Barly vegetative pnase 2.1t - - - - -
Late wegetative phase 2.09 - - - - -
&mmg - 1. 71 - - - -

Kamst - b 1017 ‘.35 °Q82 1.63

9



Table 15. Effeet of potaasium on the nitrogen content at different stages

of growth - Summary.

leaves of potassium Corm Meri~ Pseudo- Peti-~ Lami~ Inter- Info- Inter- Exter-

(g/plent) sten stenm ole nae :22 rescence ngl x;:lm Fruit ﬁ‘
(£ B on moisture free basis)

0 1.22 1.89 0.99 1.10 1,85 2.13 1.68 1.& 1.3 0.80 1.6k
300 1.2 1.8 0.99 1.12 1.86 2.12 1.69 1.21 1.3% 0.80 1.6
%00 .2 1.89 0.99 1.11 1.87 2.13 1.70 1.23 1.3 0.82 1.64
500 1.23 1.59 0.99 1.1% 1.85 2.12 1.7% 1.23 1.2 0.8 1.62
600 te22 1.8 1..00 1.10 1.86 2.10 1.71  1.17 1.36 0.82 1.63
CeD. (5%) - - - - - - - - 0.05 - -
SBm . 0.05 0.02 0.02 0,02 0,02 ©0.02 0.0 0.02 0.02 0.01 0.5
Stage of sampling

Mﬁn‘ 10’7 1-13 0.” - - - - - - - -
Early vegetative phaset.19 1.4 1.00 0.99 1.85 2.09 - - - - -
Late vegetative phase 1.0 2.17 1.20 1.22 2.18 2.1 - - - - -
Shooting 1.28 - 1.18  1.1% 2.00 - 1.7 - - - -
Harvest 1.10 - 0»60 1.06 ‘039 - - 1.21 1.31 0.81 1.63
cODG (5%) - - 0009 - 0.13 - - - - - -
SEn : - - 0.03 0002 Ood‘ - - - - - -
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(1.18 per cent) and petiole (1,15 per gent)., The
inflorescence contained 1,71 per cent of nitrogen.

In lamina and pseudosten the percentage of
nitrogen declined to 1,39 per cent and 0,6 per esent
respectively, At this stage male bud had the higheat
percentage of nitrogen (1,63 per cent). TIne nitrogen
in external stalk and internal stalk were 1.31 ana
1.21);:;mtivm. Fruits had 0,89 per cent nitrogen.

The differsnt levels of potassium had no signie
ficant effect on the M content of any of the plant

organs studied,

Total uptake of nitrogen

Table 16 zives data on the total uptake of
nitrogen at four different stages of growth (early and
late vegetative phases, shooting phase and at harvest),

The uptake of nitrogen increased progressively
with the growth of the plant €ill the shooting time.
Between ~"hooting and harvsst there was a declins (Fig.h
and ¥1g.9). On an average 2.11 g of N vas taken wp
by the plant, at the early vegetative phase. The total
uptake of nitrogen at the late vegetative phase was
8.12 g per plant. DBetween the two stages there was an



Table 16. Effect of potassium on totz)l uptake of
nitrogen

68

Levels of 8tage of sampling
Early vege» Late vege-
fo/iant)  tative tative  onooting Harvest
(g/plant)
0 2.t 7.89 5.780 43,92
- (268) (633)
300 2.10 789 60.8 W5,87
(27%) (671)
400 2.02 8.11 6047 WE,48
(300) (6h)
500 2,32 . 8,18 57456 49,96
(2%52) (608 )
600 2.28 8.52 59406 52,20
(2M) (593)
CQDQ - - - -
8&n 4 - 0025 1055 0.8‘

t

Botes The fizures in parantheses indicate the
psrcentage of increase in total uptske of
nitrogen compared to the previous stage.
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increase of 273.8 per cent. The total uptske of N
rose to 59,06 g per plant at the shooting time, the
percentage of inerease being as hi:h as 628.4 per cent.
At harvest a decreass in the total uptake was observed
(48,06 g per plant),

Levels of potassium had no significant influence
on the total upteke of nitrogen as can be sesn from
the data presented An Table 16, At late vegetative
phase snd at harvest higher levels of K tended to
result in higher upteke, BSueh z tendenoy wes not noticed
at the time of shooting, The highest uptske 8.52 g per
plent observed at the late vegetative phase wvas in K.
However, at the times of shooting K, recorded the
highest uptske (60,8 g per plant). At harvest K,
with $2.2 g K per plant had the highest uptake of
potassium. In all the three stages contrcl recorded
the lowest uptake.

Nitrogen uptake in different organs

The data on the nitrogen uptake in various
org:ns as affected by different levels of potassium
and periods of growth are furnished in Table 17 and
their suamary in Table 18.



Table 17.

Effect of potnsziun on the nitrogen upt ke at different stages of growth

Lewvels of “ari- Pseudo- Peti~ Laninae Internal
potassium  Svage of sampling Cora stem atea ole leaf
(g/plant) (e/plant)
Rarly veget:.ive phase 1.9 0.0% 6.6 0.16 3e25 0.23
Shooting 8.1 - . g 1.7% 27. -
Harvest 20?2 - 5.1 1018 13.82 -
Early vegetative ase 1. 0.024 Ce 0. 12 «86 0.08
300 Late vegetative wph s Q. Ohle 1 c& Oe g 3.02 0.13
Shooting 8. - 12.81 1o 26.69 -
Harvest 3&05 - - * 1.20 .26 -
Barly vegetative phase 1.31  0.023 0.69 0.1 2e .10
Harvest 3. 1 - 5-0" 1.19 15;8’ -
Early vegetative phase 105 0.0 0.8 0.2 08 0.08
500 Late ‘Gﬁt&ﬁ?ﬁ phase 2:05 00058 ’st Q. ™ 19 Ou 13
Shooting 9.02 - 16.12 2 IS 2727 -
Har.est 3.56 - 5.08 1.19 17027 -
mly vegetative phage ‘.h’3 0.025% 0.81 0.12 2.68 0.09
Late vegetative phasge 1. 0.049 1.58 O. h,36 0.13
600 ~
&mtm 8. - ‘6005 1 o? .52 -
Harvest 30 3 - 5 <06 1.20 18 3" -
(Continued)
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Table 17. (Cmtd.)

levels of Stage of sazplin: Inflore- Internal External Fruit Male bud
po tusig tos N seence atalk stalk
(a/plant (g/31snt)
0 gto vegetative phase !&-93 - - - -
mw‘g - - - - -
Kﬂmgt - 2.}.‘1 ’.62 15¢93 0.99
Barly vegetiative phase - - - - -
300 Late vegetative phase - - - - -
8hooting 5.33 - - - -
mSt - 2.‘*1 106:’ '?’38 10@
xﬂm ‘m“ﬁ“ Pl ase - - - - -
400 Late vegetative phase - - - - -
Harvest - 213.‘5 1-59 f/o& 1.00
Barly vegetative phase - - - - -
i:réy vege t;::ive phase - - - - -
; yege ve phase - - - - -
600  gooting 5 .31 - - - -
Harvest - 2.4 1.67 15.85 0.99

IL




Table 18. Effect of potessium on nitrogen uptake at different stages of growth =
Sumsary

levels of potcsatus (g/plent) ~Corn  Meristen Fseudo- ioticle Lamines fotemal

s

(2/plant)
0 3.06 0.029 k.50 0.79 12.47 0. 115
300 3.26 0.027 k.66 0.80 11.96 Ue 111
h00 3.3 0.029 4,50 .t 12.26 Ce.113
500 302 0.033 h.78 0.83 12.9% G119
600 3.38 0.029 &8¢ 0.5% 13.24 O.111
Colre \5/ ) 0.16 0.003 - - - -
SEm 3 Ce ’7 0.053 00‘2 0.03 0038 0.13
8tage of sampling
Placting - - - - - -
Early wegetative phase 1.51% 0.02 0.7 0. T4 2. 0.08
Late vege tativ: pirage 1 035 0. d"? Ce 15 0025 b . ‘8 0.13
Shooting 8.76 - 16.52 - 1.78 26, % -
Har“st 3.32 - 3003 1.‘8 15085 -
C.b. QS'I;) 0.38 - 0&3‘ 0.0" 10§ -
SEn 3 O. ’ 3 - 0.23 G.O? 00"’2 -

(Continued)
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Table 18 (Contd.)

Levels of potassiusm (g/plant) Inflores- Internal External Fruit  Male bud

cence stalk stalk

(g/Plentd

C k.99 2,41 1.62 15.99 C.99
3cC 5.33 2.2 1.62 17. 3¢ 1.00
400 545 205 159 17.8 1.00
500 5.59 2.5 1.55 18.06 G.99
600 5.33 201 1.67 18.85 0.99
Calla QS “/c) - —’ - - -
SEm : - - - - -
Staze of sampling
Planting - - - - -
£5rly vegetative phase - - - - -
Late vegetutive phase - - - - -
8nooting Se3 - - - -
dsrvest - 243 1.5 17.62 0.99
C.D. (5%) - - - - -
8Bm : - - - - -

gL
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With respect to the period of growth the
nitrogen uptske of organs ingreased with the age of
the plant upto shooting time, after vhich there was
a decline. At the early vegetative phase the
highes$ uptake of nitrogen wvas notiged in the lamina
(2,84 g per plant) folloved by corm (1.51 g per plant).
At late vegetative phase the lamina contairned %,18 g
per plant which incressed to 26,9 g per plant at
shooting. Corm recorded an uptake of 1,85 g per plant
in the late vegetative phase and 8.76 g per plant at
the time of shooting. In corm, pseudosten,petiole and
lsmina there was significant increase in the uptake of
nitrogen between early and late vegetative phases as
well as between labe vegetative phase and shooting.

At hervest hizhest uptske was observed in fruits i.e.,
17.62 g per plant which vas 36.68 per eent of the
total uptake, At this s$-ge lamina recorded an uptake
15,85 g per plant (33 per oent of the total uptske).

Levels of potassium had significant effect
on the uptake of nitrogen by some plant organs. In
corm ingreasing levels of potassium increased the
upteke of nitrogen upto 500 kg xno per plant, e
highest uptake was at x3 3.2 g per plant compared to
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3.06 g per plant in eontrol. In meristem also the
uptake of nitrogen was maximum at K3 (0.033 g per
plant). In pseudostem, petiole and lamina the uptake
wvas Rot significantly influenced by the level of
potassium, In the case of inflorestence and internal
stalk the uptake was highest et Ky (5.59 g per plant
aend 2,45 g per plant respectively). In fruit as the
levels of potassium inoreased the uptske of nitrogen
also increased, the highest being at K (18,85 g per
plant) and lowest at Ky (15.99 g per plant). Of the
various organs sampled fruits had the highast uptake of
nitrogen,

DISTRIBUTION OF PHOSPHORUS

Phosphorus percentage
Results of the study on the effect of differcnt
levels of potassium snd periods of growth on the
percentage of phosphorus in various organs are presented
in Table 19 and their summary in Table 20,

At the time of planting pseudostem had the
highest content of phosphorus (0.17 per cent). At the
early veget.ativp phase and also at late vegetative phase



Ilhl. ‘9-

Effect of potassium on the phosphorus content at different staies of growth

e o Etace of ssmplin: Corm MeFi- Pseudo- Peticle Lami- e
?:/:»1 ant) tage sampling stem stenm nae leafl
(¥ P  o>n moisture free basis)

Planting 0,05 0,07 0.17 - - -

Barly vegetative m 0.06 0.09 0.19 0.10 0.1% 0.§g
0 Late vegetative 0,09 0.32 0.29 0C.13 0.1 0.
Shooting 0.09 - 0.13 0.%0 O. -
Harvest 0.05 - 0.07 0. 05 0.12 -
Planting 0.05 0-05 0.19 - - -

300 wz.y vegetative phase ' Q.% 0.06 0.20 0.10 .08 .27

Late vegectative phase 0.12 0.33 0.27 0. 1% 0.23 0.80
Shooting 0.10 - 0'g 0-99 0.17 -
Harvest 0.07 - Oe 00 00'5 o -
Early vegetative phase 00 2% OX o2 o2 o
y vegetative o4y - - - . -

%00 late vegetative phase °¢13 G&% Oe22 0.15 0. 2% Owg

ghooting 0.1 - 1.8 0.10 0.15

Hal""wt 0.09 - 14 8 09 e 07 Ue 16 -
th@ 0008 0.09 Oa ’5 - - -

500  Early vegetative phase 0.0 0.06 0.17 0,91 0,13 0,28

Late vegetative pnase Col 0.3 0,23 0.16 0.23 0.51
Shmtin 0. ‘2 - Ot‘.s 0016 Ge ‘7 -
iiarvelt C.10 - 0. 10 Oow Ge ‘S -
Planting S0 0,05 0.t - -

Eal‘ly vegetative phase 0.05 0005 0.18 Q.12 0009 0.28
&“m 0;‘3 - 00 '5 00'0 Ce 18 -
Hm‘st 0. '1 - 0.09 O\' 08 00 17 had

(Continued )
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ZTable 19. (Contd.)

;.onlc of

Inter-

External

Pl Stage of sampling mflo.“ nal #talk Fruit Hale Dud
(i r n moisture fres basis)
Early vegetetive phase - - - - -
0 Late vegetative phase - - - - -
Shooting G 31 - - - -
Aaxrvest - Q.17 .47 DaPe . 3%
Planting - - - - -
Eazly vezetutive phase - - - - -
300 Lata vegotatlive phase - - - - -
%th 005 - ‘ - - -
Harvest - ' 0.18 G.18 D15 0. 30
Early vegetztive phame - - - - -
%00 Lats wegetntive piase - - - - -
Shooting 1+ % 38 iﬁ"‘; N - - -
Harvest - 0.49 0.18 .16 0.3%
Barly vejetative ;nase - - - - -
500 Late vegetative phase - - - - -
m’lﬁbtiﬁ& O.ko - - - -
Ramﬂ - ‘020 0.‘9 ‘Joiﬁ 0033
thﬂ - - - - -
600 Early vegetative phase - - - - -
late Wtaﬁiw ph!ll - - - - -
Shooting Colte - - - -
Harvest - 0e20 Ce 2 C. 16 Ce33

LL



Table 20. Effect of potassium on the phosphorus content at different stages af smth -
aumar: .

Level of potassiua (3/plant) Corm Meristen P:::ﬁo— Petiole lLaminae Iinternal
(s P om moisture free basis)

.

(") 0,065 0.150 0.150 0.092 0.102 0.327

360 0.8977 0.150 0. 160 0.100 0. 166 0.337
&0G 0.088 0. 160 0. 160 0. 105 0.158 0.382
$060 0.093 0.160  0.170 0. 109 0.167 0.3%2
600 0. 01 0e160  0.160 0.113 0.174 026
Cella (54) 0,009 - - 0.00% 0.016 0,018
Sém ¢ 0.003 0.00%  0.00% 0. 00 0.017 0.006

Btage of saapling

Planting 0,056 0,070 0,170 - - -
darly vegetutive puase 0.0 0,060 0.188  0.100 O 11l 0.280
Late vegetative phasc 0.123 0,330  0.296 0,152 0.163 0.470
shooting 0. 117 - o P8 0.093 Cel#12 -
Harvest 8.082 - 0.100 0,069 0.150 -
Cols (51.) 0. 016 - Ce i 0,013 0.023 -
BRx : Ouﬁﬁﬁ - 6.008 Qow 00008 -
(Continued)
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Table 20, (Contd.)

Levels of potassiun (/plant) Inflores- Mtgmd Sxternal Fruit Hale bud

cence stalk stalk
. £ 2 M moisture free basis)
o 0. 308 0.1%: 0.%70 0.138 G.308
300 0.353 0.176 0.176 Ue 152 0.298
LoD 04379 C.1/8 0.178 0. 158 0.210
500 0.3% Ce 198 0.198 0. €W Ve 326
600 .12 0.196 0.216 0.156 0.132
G54 0 Ok - - - -
3w & 000"0 - - - -
Stage of saupling
Plenting - - - - -
Barly wegstative phuas - - - - -
La%e vegetative pruse - - - - -
Shaoting Ge 370 - - - -
Harvest - C.190 0.190 0.150 0.3%10
Calw (39) | - - - - -
3Ka z - - - - -

6L
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the percentage of phosphorus was highest in internal

leaf (0.28 per cent and 0.47 per cent respectively),

At both these smn next to internal leaf pseudostenm

had the highest content of phosphorus (0.19 per cent and
0+22 per cent respefitively). Lamina had the highest
content of phosphorus at the time of shooting (0.1

per cent), followed by inflorescence (0,37 per cent).

When the plants were in the stage of harvest the highest
percentage of phosphorus was recorded in mele bud (0.31
per cent), vhile fruits had only 0.15 per cent phosphorus.
When the different stages of growth ars considered, the
contenit of phosphorus ingreased upto the late vegotative
phase and decreased thereafter in organs like corn,
pssudosten and petiole., Lamina, interngl leaf and
meriatem showed an inerease in the percentage of phosphourus
ti1l1 the time of shooting but between shooting and
harvest there was a signifiesnt decline.

The levels of potassium had a significant effect
on the content of phosphorus in coym, petiole, lamina,
internal leaf and infloresosnce, In thexorgans as the
level of potassium increased the percentage of phosphorus
also increassd. In corm the increase was significant
between all levels of Ki K, recording the highest percen~
tage of phosphorus (0,1 per cent), The highest content



of phosphorus noted in lamina was at K, viz., 0,17
per cent, Of all the organs sampled internal leal and
inflorescence were the richest in phosphorus content,
the hi heat valuss regorded being 0,43 per flent and
O.41 per cent respsctively both at K .

Total wptake of phosphorus

Observations ob totsl uptake of phoasphorus are
furnished in Table 21.

As the plants advanced in aege the uptake of
phosphorus also inoresased (Fig.,7 and Fig.8). At the
oarly vegetative phase plants absorbed on an average
0.42 g of phosphorus, An increass of 137.57 per cent
was noticed in the totql uptake of phosphorus between
the early and late vegetative phase, the total uptmke
at the latter phase being 0.981 g per plant, At the time
of shooting the total uptake rome to 6.75 g per plant,
The percentage of inorease in the total uptake observed
between the late vegotative phase and shooting time
was 593.61 per eent, During the interval butween
shooting and harveat thers was no marked increase in the
total uptake, Ihe total uptoke Of phosphorus at the
staze of harvest was 7,00 g per plant, thercby showing
an increase of 3.7 per cent over the previous stage.
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Table 21. mm of potassium on the total uptake
of phosphorus

Stages of sampling

of phos
stage.

d‘ inerease in the totul uptoke
orus ¢ompared to the previous

levels of - — -
potassi Barly v Late vege« 8h Harvest
Be/otont)  tative phese Sative mumee ootne ¢
(e/plant)
0 0.h8 0.81 5497 5¢73
(70.31) (637.9%)
300 0,37 0P 6.57 6455
(153.65) (602.99)
0o R 0 6,682 7.18
5 (1% %9) (6™ .88)
500 Ooltb 0.01 7.20 7.63
(117.67) (612.87)
600 0. 36 1420 7,18 7.9%
(22%.57) (#99.30)
CuD. (55) - o“h On&‘ 0.79
SEn : - 99* 9022 80”
Rotes in parantheses indicate the



__gxa_’] EFFECT OF POTASSIUM ON TOTAL UPTAKE OF PHOSPHORUS

24

14

UPTAKE OF PHOSPHORUS, G/PLANT ———

-
4

PERIOD (MONTHS)



tative nases

Ly

e prase and sheoling

ve
ClV\ci narvest.

i

-

2

)

-

‘r
ol

NG
4
N

BETWEEN DIFFERENT ETAGES OF GROWTH

£

Between earty and o
Botwzen ldte vaqe

—th

—i

4

i

B .- EFFECT OF POTASSIUM ON THE PERCENTAGE INCREASE N THE UPTAKE OF PUOSPHORUS

Fig 8.

]

-
™
-

—
-

i e e

3' Belusen

.

300

mj'
i
|
|
|
|
|

[ ——— i

L

[ Siteasiadnsiie silinatends SRbhtaahibie Shdiinhiinth SR SR S SR | R v A v
g g g8 g & & g8 & 3§ 8 g R
© T 0 < < L2 w ~ A -
S GILAORE SOG40 IHAVLAN N ISVIION IWANIDAIL T

550

400

_ LEVEL OF KzO g /piant



Levels of potassium had significant influence
an the uptoke of phosphorus at late vegetative phase,
shooting and harvest. At the late vegetative phase the
highest wolue was obtained at K {1.198 g per plant)
vhich was 48,08 per cent more than that of control
(0,809 g per plant), bWhen the plants were at shooting,
significont difference in the uptake of phosphorus was
noticed between gontrol and treatsents from K, onvarcs.
The highest uptake was noticed at Ky (7.2 g per plant)
wvhich vas 20,6 per cent more than that of control
(5.97 g per plant), At the time of harvest there was
significant differenee in totnl uptoke between control
and treatoents as well as between the treatments., IThe
highest uptske was regorded in plants receiving 600 g
K,0 per plant (7.92 g per plent). There was an increase

83

of 38,22 per cent over that of control (5.73 g per plant).

Phosphorus uptake in cifferent orgons

The data on the uptake of phospnorus in
different orgens in relation to different levels of
potassium anc the period of growth are given in Tahle 22
and their summsry in Table 23.

In corm, pssudostem, petiale and lemina the
uptake of phosphorus increcsed upto shooting but



Table 22. Effect of potassium an the phogphorus uptoke at different stages of growth

lavels of , Internal
. Heri~ Pssu=- Peti~ Lanings
%:/ nlzsnt) Stage of saapling Corn stem dostem ole leafl
(3/plemt)

0 Late vegetative phase g.;z 0.007 g:ﬁ? g.{‘)‘;;g 0;93&6 0.02%
Harveat. 0.116 = 9.593 or0t0 1.M0 -

Early vegetative 0,05 0,006 G.153 0.01% Ced 0.018

300 La‘lgy vegetative 9,323 0.007 0.220 0.023 g 0.02%
shooting 0649 - 0.208 0C.132 -
Harvest 0.195 - 0.663 0.0 1-503 -

Barly wvegetative phase Qe 0.006 0,157 0.01¢ 0.178 0,020

%00 ﬁ“ uv:getauu phase g: ;” 0.008 g.ézgg g.o 3 g.!:g 0.03%
o0 ¥ - . ) - -
Harvest 0. 255 - 0.779 0.079 1.778 -

Early wegetative phase 0.073 0.008 0.3 0.0% Co200 0,017

500 th ns?taﬁw phage 0.20% 0.009 o, 0.0§ Ot  0.03%

ﬁns 0.800 - Oo@ $ | 20% 0003’
Kmest 0.3%7 - O 0.07% 1. -

Barly wsetatiu phm 0.0M 0. 0. 11 0.0™ 0.129 0.020
%wt‘n& 0.8?7 - 1 .8” Ce 2.426 -
Barvest 0.373 - 0.797 00085 G, 221 -

{(Continued )
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Table 22. {Contd.)

levels of

sg/plm)

Stage of sampling

Inflores~

Internal External

stalk

stalk

(g/piant)

Fruit

Male buc

500

Early vegetative phase
Late vegetative phase
Shooting
darvest

RBarly vegetativ: phase
Late vogetative phase
Shoobing

Harvest

Rarly vegetative phase
Lat? vegetative phase
Shooting

Harvest

Early vegetative phase
Late wegatative phase
Shooting

Harvest

Barly vegetative phase
Late wveget:ative phase
Shooting
Haxyvest

8



Table 23. Bffect of potassiuz on the phosphorus uptske at cifferent stages of grovth -

levels of potassiuxs (g/plant) Corm Meristen Peeudo- potiole Laminas Internal

steom leafl
(s/piant)
0 0.4 0.006 G.56 0.059 0,97 0.022
300 0.22 0.006 0.6 G063 1.k 0.022
%00 (.26 0.007 0. 8% 0.073 et C.025
500 C.29 0,007 0.67 0.073 0.21 C. 025
600 0. 31 0.007 0.63 0. 0% 0.3 0.028
Cebe \‘5 ‘{c ) 0.03 - - Ocm" 0.* G.Wﬂ
SEn z 1.‘3 - 0,04- 0-003 O.M 0.002
Stage of sampling
REvery vegetative phase 0.06 0007 O.th 0.03 0.18 0.02
Late vegetotive phase C.18  0.008 0.27  0.03 02 0.03
Shooting 0.72 - 1o Ot 2o -
Mit ﬁoﬁ - 60?3 Qtﬁ? 1. 73 -
Cde 5 GeOF - 0.10 G.03 0.13 -
88w 3 \ 0.3 - 0.03 0.008 0.0k -
(Contimued)
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Table 23 (Cantd,)

levels of potassiua (g/plant) Inflores~ Internal Exteroal Fruit Hele bdud

cence stzlk stalk

(&/plant)

0 €. N Q.32 G.21 2.76 Ceth
3oo 1.1 (1 39 0. 22 3.28 019
hoe 1.23 0.37 0. 22 3.51 .20
500 .24 Ce 39 0.23 354 0.20
600 1.28 0.k 0.27 3.59 0.20
C.De (Sv/c) - .- - - - .
SEn 2 - .- - - -
Stage of sampling
Planting - - - - -
Exrly vegetative phase - - - - -
Lete vegetative phase - - - - -
Shooting 1.16 - - - -
Barvest - Ce37 0.23 3.0 C.19
C.D. (5¢) - - - - -
d8a ¢ - - - - -

L8
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declined thereafter. At the esarly and late vegetstive
phases and at shooting lamina recorded the highest
uptake of phosphorus, 0,176, 0.015 and 2,24 g per plant
respectively. This was 41,02 per cent, Wh,5 per cent
and 36.12 per cent respegtively aof the total phosphorus
uptake at the early and late vegetative phase and at
shooting, Pseudostem had 31.7 per cent of total
phosphorus uptske at the early vegetative phase 29.10
per cent at late vegetative phase and 31.15 per cent at
shooting time,

The phosphorus c¢antent was concentrated the
fruits at the time of harvest vis., 3.3% g per plant
(48,26 per cent of the total uptske) compared to lamina
vhich reaorded 1.73 g per plant, Lamina contained anly
25 per cent of the total uptake of phosphorus, The
uptake of phosphorus by corm at harvest vas 0.25 g
(3.6 per cent).

levels of potassiuzm had a signifiecant influence
on the uptake of phosphorus by the organs like corm,
petiocle, lamina and internal leaf. In comm the
highest uptake obtained was at K, which was 82,1
per cent more than that of control. In petiols an
irereass of 25.42 per cent was noticed in plants
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receiving 600 g K0 per plant ocmpared to control. In
lomina this wvas .2 per cent while it vas 26.65 per cent
in the internal leaf. No significant infiuence was
obtained in the case of peeudostem and meristem, In the
reproductive parts vis.,, inflorescence, fruit, internsl
and external stalk and male bud, there was significant
increase in the uptake of phosphorus with inereasing
levels of potassium, 7The percentage of increase noted
over contral in inflorescence was 40,05 per cent and in
fruits 30,00 per ecent,

At harvest all the reproductive parts had a
higher phosphorus uptske ¢oumpared to vegetative plant parts.

DISTEIBUTION OF POTASSIUM

Potasaiun pereentage

The pergentage of potassius in different plant
parts at planting and at four different stages of growth
viz., at sarly and late vegetative phases, shooting and
harvest as influenced by different levels of potassium
are furnigshed in Table 2% and their summary in Table 25.

Among the cifferent or.ans, pseudostem had the
highest content of potnssium (3.16 per cent) at planting.



Table 24, Effect of potassium on the potassium content at different stuges of
growth

ST seormmine G RICINE, R e me
8/plant) (% KD ou aoisture fres basis) leaf
o m egetative phase PR §:3§ 3"7? 2.98  2.65 3.25
Wy Yege ve . - .
Late vegatstive phase 3.32 3.51 ?:g 3.93 3.22 <96
5310@“233 251 - e- 3. 3 2058 -
Harvest 3.1 - o 347 %$.71% -
Barly vegetative phase 2405 e’f 3.2 3.2 2s82 3.76
300 % u‘l:ge’-tatiw phase b .66 «65 Znig Sedeb g- 9 5.19
' Harvest 3:35 - o i:g 2,13 -
Flsnting 2.:5 3.15 2.98 - - -
Rar, vegetativ paase 2 20 ko ' 3% Lo bet
- %00 Lntlo'y wgatauuephua 5-9 5.92 8.% ;.85 '3.228 6.‘*3
Shooting e.ﬂt - E.g h.? 3.4 -
Harveost 059 - . 3.2 2o -
Mlanting 2.1 3.21 3.25 - - -
, Early vegetative phase 2.\3 2.9 «16 26 2.& 8.32
500 Late veget-tive phase 64 fe 10.17 «15 Se .
ghooting %.20 - 736 6,03 .42 -
Km Q@t h .?? - 6. 93 3.?5 3106 -
anting 2.25 2.7% 3.23 - - -
ar. voget-ty 2.52 2.7 . + 32 Ce uoa
600 Lote vegaeotive paase. ey o8 R & L u%
fihootias 5 +09 - 7023 719 3.30 -
Harvest 5.09 - 7.53 3.8% 3.16 -
(wa.)

0¢



Table M. (Contd.)

lewels of

(% K0 on molzture free basis)

Plasnting - - - - -

Barly wegetative phase - - - - -
Shooting k.’O - - - -
Harvest - 7.07 %16 - 2.9

Eerly vecetative phase - - - - -

yese 1Ve - - - -

300 Late ms:taﬁn paase - - - - :

Shooting 5.28 - - - -
Harvest - 796 6.78 1.1 3.3

m tats z - - - -

yege ve phase - - - - -

»00 hete nsgtauw phase - - - - -
Harvest - 8. 83 730 1 0?‘ 3.95

Eaurly wegetative phase - - - - -

500 late vogetative phase - - - - -
3&1‘!@!% - 9.57 10.‘8 2&% “‘085

Early vigetative phase - - - - -

RS - yegeta e 3 - - - - -~

h’h W’gtaﬁ'. m - - - - -

16



Table 25. Effect of potassium on potassium content at differ-nt stages of growth -

Levels of potassiua (,;/plant)

Corn

Meristen Passudos~ Petiole

laxinae Internal

stem lenf
% xzo on moisture free basgis)
0 2.97 3.17 %.18 3.53 2.58 b,38
300 3.8 3.55 %71 3.87 2457 b,50
500 3.97 o1t 6.26 5.28 3.69 Se P
600 W27 he36  6.67 572 .00 5P
Cole(s1.) 0.2M 0.09  0.03 0,05 0,17 C.31
&En 4 0.10 0.03 0.08 0.15 G.06 0.10
Stage of sampling |
Flanting 2.0 2.99  3.16 - - -
Early vegetative phave M1 3.00 3.83 3.17 2.82 3.8%
éhooting 3.9 - 5.58 5.01 3.13 -
Harvest b3 - 5.8 3.62 2.55 -
CeDe (54.) 0.33 - 0.39 0.37 0.19 -
SEn + 0.10 - Cotle 0.10 O. e -
(Continued )
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Table 25. (Contd.)

Inflores- Internal Bxternal
levels of potassium (g/plant) cence stalk stalk Fruit Male bud

(% xze on molsture fyee basis)

0 k.70 7.07 L,16 1.0k 2.9
300 5.28 7.96 6.78 1004 3.36
%00 6.26 8.83 7.90 1.7 3.85
500 7.01 9.57 10.18 2.36 &85
600 7.98 10,21 11.68 245 5.19
CaD (S5 - - - - -

SAm 2 - - - - -

Stage of sampling

Planting - - - - -
Barly vegetative phase - - - - -
Late vegetative phase - - -~ - -
Shooting 6.25 - - - -
Harvest - 8.73 8. te 1.82 b Oh
C.D. (57) - - - - -
Sk : - - - - -

£6
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Neristem recorded the least (2,99 per cemt), When the
plantes reached the early vegetative phase also,
pseudostan vas richest in potassiua (3.83 per eent)
closely followed by intermal leaf (3.8 per cent).
Petiale had only 3,17 per ecent of potsssium. At late
vegetative phese the content of pot-ssium in petiale

and internal leaf inoreased considerably,viz., 6.65 and
6.55 per eent respeetively, recording an increase of

110 per eent in the formwer and 72 per cent in the latter,
compared to the previous stages, Thne potassium content
in the lamine at early vegetative phase was 2,82 per cent
ané it increased to k4,57 per cent during the late
vegetative phase. At the time of shooting significent
reduction in the pergentage of potassium was ovserved

in petiale, lamina shd corm. The rate of reduotion
being 25 per cent in petiole 32 in lasina and 2+ in cora,
Inflorescence (6,25 per oent) had the highest content

of potassium at this stage. In pasudostem there was

52 per cent increase in the aantent of potassium between
the late vegetative phase and shooting. This vas the
only vegetative part that recorded an ine:ease betwest
shooting and harvest (26 per cent incresse) although

the increase wvas not signifieant, At the time of
harvest the internal stelk with 8,73 per cent of potassium
and external stalk with 8.1 per cent of potassium
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were richest in potassium, Fruits had 1.82 per gent
of the elenent,

The varying levels of potassium had a significant
influence on the K eontent of almost all the plant parts.
IS increased with inereasing levels of K, Among the
vegetative parts, the percentage of increass over that
of gontrol was highest in pseudostea (60 per cent)
followed by lamina (55 per gent). . In the reproductive
parts, in external stalk there wvas a difference of 181
per gent in the content af potassium between K, and
control. In fruits this was only 77 per oent,

Total upteke of potassium

Table 26 presents data on the total uptake of
potmimo

The total uptake of potassium continued %o
increase throughout the duration of the oerop (Fig.9 and
Fig.10). It was seen that 11,25 g of tue element was
taken tp by the plants during early vegetative phase,
which increased to 28,46 g per plant at the late
vegetative phase, recording an inerease of 153 per oent.
During the interval betwsen maximum vegetative phase
and shooting the total upteke of potassium increased
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Table 26, Effect of potassiua on the totzl uptake of

potassium
isvels of Stage of sampling
otasaius
%a/plant) Early vege= Late vege- Shooting iarvest

tative phase Sative hage

0 1.0 19.20 122.2 126. 74
(73) (537)

300 9.33 23.29 1%7.50 6,62
(150) (933)

Loo 12,5 28,82 169, 28 17510
(130) (#87)

500 1.67 .18 204,90 212,03
(193) (+99)

600 11.62 ¥.83 220,11 25,00
(217) (498)

(+19 (5%) - ‘t" 80% 10«'“0

SEn t - 3-* 2079 30"7

—

Note:r The flam‘ﬂ‘rln mmm;;s &ég:g the
percentage by TY ] ‘ uptake
of potass mmw - tie the previous stage.
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very rapidly (507 per ceant increase), i.s. the total
uptake recorded at the time of shooting was 172.8 g
per plant. Between ghooting and harvest the inorease
was nominal (2 per cent),

levels of potassius significantly influenced
the total upt: ke of potassium, at three different stages
of growth after the application of the nutrients namely
late vegetative phase,shooting time and harvest. increased
levels of potassimm invaeriably resulted in increased
uptoke. In all the ti.vee stages mentioned sbove the
hignest uptake was noticed at the highest lewel of
potussium and the lovest in contral. The difference in
total uptake was maximm at the late vegetative phase
where totel upteke at K wa: 92 per cent higher than
that of control. At the time of shooting this ves
80.09 per cent and at harveat 77.53 per cent.

POTASGIU{ UPTAKE Ii. LIFFENoRT ORGANS

Results of the study on the uptake of potzssium
in different orgeuns as influenced by different levels
of potassium at four different stages of growth are
fumished in Table 27 and their summary in Table 28,

8tage of growth had a significant influence on
the uptake of potassium by cifferent org:ns. In the



Table 27, Effect of potessium on the pot-ssiun uptake at Cifferent stages of growth

?otaw:::m Stage of sampling Corn  erl-  Peudo-  potgale Lazinoe
{(g/plant)

Bar vegetative phase 2.72 OOk 0.16 "’036

0 g;%gotauve phase :&.gg 0.08 5;/;.% g&% i.g
DO . - » . .

amost.g g 63 - 333 3.32 7.11

Barly vesetative phase 2.5% U O 2.7 0e%2 W33

300 Late vegetative phase He 0. 10 8.6 .12 6.3
Shooting 23.?9 - 62 6,08 39.

Hayvest 12.19 - 37%.12 hooh  21.60

Early vezetative phase 3.47 Ua Ol 3.18 D.1% b M2

W00 Latﬁy vegetative { anase 2%. ;g a12 ;:.g;: %’57‘;’ kg:gg

Hareests 13.9% - 80,75 373 30.55
Berly vegetative phase 2.63 0. 00 3.3% 0.13 &,
500 Late wegetative phase B.66 0.7 13.0% 1272 10.

Ghooting 29.63 - 97.06 e ?ﬁ L6.97

Harvest 1631 - 60.09 3 37.9%

Karly ve etative phasge e s 17 0.1 b,18

600 L%&W&ﬁt&tﬁ'ﬁ" ;)t%;w %.gg Ce 15 13:19 g 122,02

3160?.1!‘3 35 <59 - 97.02 10' o220

Harvent 17.59 - Qﬁo?’* 031 1.22

{Continued)
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Iable 27. (Contd.)

levels of
; : - Internal Inflo= Inters Extere
Y;?g;% Stage of sampling leaf rescence nal nal Fruit Male bud
' atalk stadi
{a/piant)
e Late Veﬁ@tﬂ‘:mv. phase 0.33 - - - - -
Harvest - - 13.77 5.03  23.29 1.78
300 Late wegetative plase QU2 - - - - -
8h . ching - 16.65 - - - -
Barvest - - 15 - 9? ao 3? mcso 2e ‘1
RBarly vezstative phase 019 - - - - -
%M%&Q;ﬁ - 26.2& L - - -
Haxvest - - 1?:& 9;63 3&,% P~ 38
Barly vegetative phase C. 19 - - - - -~
Late vegetative paase 0.50 - - - - -
500 Shooting - 21.91 - - - -
MSt - - ‘5-9? ‘2.% 5‘;18 2097
Barly veszstalive phase C.16 - - - -
&o Lﬁm wget&tive p&?&“ 0051 - - - - -
darvect - - 20,99 37 $56.37 3.47
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Takls 28. Effeet of potassium on the potassiunm upteke of different stages of growth -

Sumnary
levels of potassium (g/plent) Corm  Meristem Pseudo- Petiole Laminae Internal
sten lesf
(g/plant)
o 7.17 CoOM?7 19,05 2.63 15.5% Oe2h
300 9.52 0.053 22.79 3.00 17.75 O.2h
400 3.96 C.061 27.84 .97 22405 0.28
500 11.39 0.077 k 3% 1 3.75 - - .30
600 13.39 0.073 36.20 b, 06 27.5% G I
Cele €1y G.071  0.009 2.75 0.55 2.18 0.0%
SEn : 0.27 0,003 0»7" e 18 0073 0.01
Stage of sazpling
Rarly ns.tlu'@ phagse 2.76 Oo M 2037 0.‘*1 &031 0. 16
Late vegetative phase 7.18 0.12 10.95 139 8.5 08
M %ﬂ% - 76%27 7.60 “30""‘ -
Harvest 13.28 - W8.00 b2 29.0% -
C.D.(*f;’/v) 1.2% - 301’ 009’ ‘0% -
SEm + 0.39 - 1.01% Ce18 0,64 -
{Continued )
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Levels of potassiun (g/pleant) Inflores- Internal Kxternal Fruit Male bdbuc

cence stalk stalk

(a/plant)

o 13.97 13.77 5«03 23.29 1.79
300 16.6% 15.97 8.37 30.50 2412
400 20.28 17.6 9.63 3600 2.38
500 21N 18.97 1205 51.18 2.97
600 .83 20.99 .37 56437 3.17
Colie(5:)) - - - - -
E8a ¢ - - - - -
8tase of sampling
Planting - - - - -
Early wegetative phase - - - - -
Late wvegetative phase - - - - -
Shooting 19.53 - - - -
C.D. (54.) - - - - -

W:
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vegetative orgens the uptake of potassium recorded a
sizniflo-nt inereass from the early vegetative phase
till the time of shooting and declined thereafter. At
the early vegetative phase 41 per cent of the total
uptake of potassium was ascounted for by the lemina,
Pasesudosten had 27 per eent of the total upt ke and corm
26 per cent. Pseudostem recorded the highest uptake

of potassium a$ the late vegetative phase viz,, 38

per cent of the total uptske, followed by lamina (31
per ocnt) and ecorm (25 per cemt)., At the time of shooting
also the uptaske of potassium was maximum in pseudostenm
(W+ per cent of the total uptake). Lamina came second
vith 2% per cent of the total uptake, Eleven per cgent
of the total uptake was coneentrated in inflorescence.
At harvest also the maximum uptake of potassium was by
pssudosten (28,91 per eent). Fruits contributed to

2+ per cent of the total upteke,

The uptake of potassium was significantly
influenced by the ldvels of potassium, In all the
vegetative and reproductive plant parts the upteke of
potassiun umifzoénuy ingreased with the ingreasing
levels of potassium. Between all levels of potassium,



there was significant differenes with K recording

the highest value and eontral the lowest. In the case
of ecorm K _ took up & per cent more potassium than
control. K, recorded 86 and 77 per gent more uptake
than control in pseudosten and lamina., However, the
difference in uptcke betwesn K and control vas maximum
in fruits (142 per gent),

1€3
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DISCUBSION

The astudies reportesd in thia thesxis are the
seaond in series of nutritional studies on rainfeéd banana.
Kerala ranks first in the country as far as area under
banane is conecerned, and of thess eighty per cent are
grown under rainfed conditions. Although banans
research in the State dates back to 1940s, unfortunately
the major emphasis was ohly on irrigated bananas. The
studies on nitrogen in rainfed bananas, conducted
eariier in the Department of Pomology, College of Hortie
culture (Valsamma Mathew, 1980), has emphasized the
need for adequate understanding of the rainfed bananas,
through detailed experimentation, so aa to arrive at
proper recommendation on the various nutritional needs.
Nitrogen and potassium have been found to be of major
importance in bansns nutrition (Norris and Ayyar, 19+2;
Bummerville, 194} Yang and Pao, 19623 Osborne and
Hewitt, 1963; Jagirdar and Ansari, 1966; Twyford, 1967;
Martineprevel, 1969; Turner and Bull, 1970; lahav, 1973).
The present investizations on potassiunm nutrition,
have been useful to understand the upteke pattern of
the major nutrients, as affected by different levels
of applied potassium, The salient results are discussed
here,



165

The investigation consisted of two parts,
namely (1) the effeet of potassium on mworphological
characters, yield and quality attridbutes and (2) uptake
pattern of potassiua and other elements as influenced
by different levels of potasslum,

Bffect of potassium on morphological charscters

The various morphalogical characters studisd
in this experiment eonaisted of height and girth of
psewdosten, mmber of functional leaves and total leaf
area. Potassium was not found to influence the
sxpression of morphological characters, except the
height of pssudostem, unlike in the case of nitrogen.
Valsamma Matnew (1980) reported increased vegetative
vigour of the plant in all the morphologioal charscters
due to application of N. According to Hernades Medina
and Lugo Lopez (1967), high potassium favoured better
plant development, In the present study, there was
significant differenge Letween treatoents, in the
height of pseudosten, highest velue being at 400 g
Kablplant and 300 g laclplmt during late vegetative
phase and shooting respectively., Inereased leaf area
although not significant was noticed at 600 g x.‘,o
per plant, in whigh treoatuent the ultimate yleld was
the highest, The possible correlation between leaf area
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and yield is thus indicated. Ho (1968a) and Tesotia
gt al. (1972), had reported that potassium inareased
the height and girth of pasudostem, Lacocevilhe (1973)
indicated that potassiun application influenced the
number of leaves.

The duration of the e¢rop was found to be
markedly influenced by the amount of K20 applied., This
was mainly due to the earlier flowering noticed at
higher levels of x;,o. A difference of 23 days was
noticed between control and 600 g xzo per plant.
Duration between shooting and harvest was not signifi.
cantly influenced by different levels of xzo. Unlike
in the case of potassiunm, higher levels of nitrogen
wvas founé to prolong the duration of the banana c¢rop
in earlier stuiies (Valsamsa Mathew, 1980), In the
ease of nitrogen, the influence of higher doses was
reported to be more evident between shooting and harvest
than during pre~ghooting. Apparently nitrogen exerts
more influenoe on bunch development than potassiunm,

+

The synergic effectas of nitrogen and potessiunz
are noteworthy. Wnile I has been respousible for
delaying the ¢rop, the effeet of “a°' as brought ocut
by this study, has besen in g reverse diregtion., A



combination of N and K in correct proportion 1s
therefore necessary for manipulating erop growth,
which is a well established fact (Croucher and
Mitchell, 19%0; Summerville, 19hd; Buangoo gt al..
1966; Melin, 1970).

Effect of potasatiun on yield and yielcd attributes

The study has brought out clearly the effect
of potassiun on the yield of banans. IThe yleld
increased along vwith the lewvels of applied potassium,
The earlier studice on nitrogen nutrition (Velssmma
Mathew, 1980) showed a similar effect in the case of
nitrogen also, but after a gertain dose 1,6, 200 g ¥
per plant, the yleld vas found to deorease. From the
present study, it could be presumed thst the optimm
lovel of potassium probably lies above the range
covered, As pointed out earliesr t1ll 60C g Kae per
plant there was a linear respomse (Fiz.2). Further
studies with higher doses of K,0 must be tsken up, to
detormine the optimum dose, Increased yleld due o
potassiun applicction had been reported by various
workers (Pelegrin, 1953; Yangand Pao 1962; Decunha
and Fraga, 1963; Jsborne end Hewitt, 1963; Moreau and
Robin, 1972; Garcia g% al., 1980; Lahav g% al., 1981).
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The earlier reports by Gandhi (1951), Gopalan Nair
(1953), Butler (1960) and Vadivel (1976), that
potassium did not influenge the yileld does not appear
to be correct,

The attributes respansidble for increase in
yield, were found to be the weight of hand, mmber of
hands, number of {ingers, and average weight of
finger. Thus it will be seen that all these gave
increased values, by virtus of applied potassium,
Jagirdar and Ansari (1966) had reported an inorease in
the number of fingers by application of potassiuam,
Bhangoo g% Al (1962) recorded an inarease in the
number of hands and Yang and Pao (1962) an increase in
the average weight of fingers. The observation is of
interest on a gomparative bagis. The earlicr studies
on nitrogen (Valsamas Mathew, 1980), where eigher
the nuuber of hands, or number of finzers vere not
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infiluenced by nitrogen in rainfed bananas, thus emphasize
the necessity for application of K0 in rainfed benana,

where appiication of nitrogen alone is usually done,
by tue farmers in Kerala. The necessity for the
balanced application of fertilisers in irrigated
bananas had been well understood (Pelegrin, 1993;
Bhangoo g% Al., 19623 Veeraraghavan, 1972 and Pillal
ot &l., 1977)
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Fruit quality

Potassium markedly improved the quality of
fruits with respect to 188, total sugars, reducing
sugars, suger acid ratio and acidity, This was moTe
pronounced in the case of total sugers (.54 per cent
increase at K, over control), and sugar seid ratio
(25.53 per eent increase at K over contral). The
lowest aoidity was obtained at K, which vas T,
per cent less than that of control, The highest
per cent of reducing suger was obtained at 500 g K0
per plant, Qalitative fmprovement brought about by
the application of potassium is thus svident which
hed been reported by Ho (1968b), Vadivel (1976) and
8ingh g% al. (1977).

Dry matter production

Dry matter production vas most rapid between
the late vegetative phase end shooting time, the
percentage increase being 699.52. This amight be
because of the fact that the plant showed & very high
rate of growth during this period, Increased K0
levels alvays resulted in increased dry matter produ-
ction, BSinilar results were obtained by Summerville
(19%4) and Vadivel (1976). Between shooting and harvest
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the increase in ¢ry matter production vas anly

nominal, The vegetative growth of the plant showed

a declining trend during this period, Mobilisation

of nutrients to the developing bunches and the
resultant metabolic changes might have also contri-
buted for the decreased vegetative vigour of plants.
During this period the inerease in dry matter production
observed was Gus to thunch development. This is in
accordance with the findings of Twyford and Walmsley
(1973).

In the present study, the total dry matter
cantent at the time of harvest ranged from &,58 kg in
control to 5.32 kg in K, which vas gomperable to the
earlier experiments conducted on K nutrition (Valsamma
Mathew, 1980), Ballion g§ al. (1933) had obtained a
dry matter content of 18 kg per plant in Dwarf Cavendish
banana. Msrtinprevel (1962) reported a dry matter
secumulation of 6,5 kg per plant. In Lacaan bananas,

a vide range of 4.5 to 10 kg per plant was recorded by
Baland (1960), The values obtained here are low

compared to these figures, but is in line with the
findings of Twyford and Walmsley (1973), who recorded

a dry weight of 5,15 kg in Robusta banana. The dry matter



111

production under our gonditian seems to dbe low,
which in turn might be obe of the reasscns for compara~
tively lover bunch welght,

The percentege of dry matter accumulstion in
fruits, out of the total dry weight of the plent
ranged between 42 and 4% per cent in different treatazents,
Thus, it is evident that unlike nitrogen, wvhich at
higher levels caused more of vegetaotive growth than
yield (Valsamma Mathew, 1980); higher levels of
potassium did not tend to merely increase the vegetative
growth, there was a proporticnate inerease in the
yleld also.

Dry matter accunulation in vegetative organs
cantinued till shooting, but declined towards harvest.
A similar trend wvas slso reported by Twyford and
Walmsley (1973) in Robusta bansna, The loss in wveight
may be due to the dec¢reased growth and faster ssnhesgence
of vegetative organs.

NHutrient upteke

The uptake of three major elements namely,
nitrogen, phosphorus and potassium by different plant
organs vas studied in detail. The totsl uptske of
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nitrogen increased upto the stage of shooting, and
declined thereafter (Fig.k), irrespective of the
amount of potassium spplied. BSummerville (19hh),
Tvyford and Welmsley (1974) and Veeranna gt al.(1976)
observed that in banana, nitrogen upteke was at its
pesk during late vegetative phase and thereafter
showved a declining trend. Ashokkumar (1977) reported
that in Robusta bahang a dsorease in the total uptaske
of nit:ogen was noticed after shooting. 2Iwo possible
ressons for this phenomena are (1) the lose of older
leaves due to drying up and (2) possible translocation
of nitrogen from mother plsnt to suckers.

The percentage of nitrogen in the wvarious
plant parts seampled, €id not shov significant difference
betwveen the different treatmesnts, Thus the depressing
effect of higher levels of potagsium on the uptake of
nitrogen as reportsd by Ho (1968a), and Lahav (1973)
vas not evident in the present study., In this study
the level of K0 applied did not seem to have reached
the maximun level, as there was a linear increase in
yield upto 600 g K,0 per plant. In comm, pseudostenm,
petiole and lamina, the pereentage of nitrogen was
maximum at the late vegetsative phase, snd showed a
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decreasing trend towards ghooting and reached a
minimum at harvest. A similar trend in the uptake of
nitrogen by vegetative organs was reported by Vadivel
(1976) and Gareia 2% al. (1980).

The total uptake of phosphorus continued to
increase throughout the duration of the crop (Fig.5).
The levels of potassium significantly increased the
uptake of phosphorus. Possibly this was due to
synergestic relationship that existed between K and P,
as reported by Lahav (1973). The uptake of phosphorus
by bsnana was very low, compared to that of nitrogen
and potassium. The phosphorus requirement of banmna
is much less than that of nitrogen ané phosphorus
(Norris and Ayyar, 19%2; Jagob and Vexkull, 1960y
Matin-prevel, 196+; Turner, 19693 Javhari gt al., 197
and Vadivel, 1976). The maximum uptake of phosphorus
ogcuryed during the period between late vegetative
phase and shooting time. After shooting, a decreasse
in the cantent of phosphorus in vegetative organs vas
observed; indicating a possibility of mobilisation of
tiils alement to the reproductive parts, Montagut and
Martin-prevel (196%4) had claimed that total uptske of
9205 ovased at shooting and P305 wvas mobilised from the
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vegetative organs, for fruit development, With
respect to the total uptske of phosphorus, the same
increased till harvest as was reported by Vadivel (1976).

Among the nutrients, the uptake of potassiun
vas the highest, compared to the other two elements,
The total uptake of potassium cantinued to increase
until harvest, A similar result was obtained by
Valsamus Mathew {1980) in her studies in nitrogen
nutrition. Increasing levels of potassium increased
the uptake of the same ‘element, That high applications
of potassium alvays resulted in hizher uptake of
potassiux had been reported by Chattopadhayay and
Mallik (1977), Vincente-Chendles and Figarella (1962)
ard Vedivel (1976). #ecording to Martin-prevel (1962),
banans utilises one mmdred per cent of potassium
agplisd. The keyrole played by x,e in the synthesis
of sugars and meintsining a balance in the water
reiations of the plent might be the cause for the
requirexent of this slement in large azmounts, Luxury
consuaption of potassium by banana had been reported
by Fontagut and Martin-prevel (1965), Coake (1974+)
and Vadivel (1976).

In the vegetative parts, there was a drop in
the uptske of potassium after shooting. Mobilisation
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to fruits wvas at a lowver pace campared to N and
9295. Pssudosten had the highest content of potassiun
at the time of narvess.

The distribution pattern of K, P2°§ and K,0
4in wvarious organs were not affegted by the auount of
potassium applied. Vadivel (1976) also reported such
a trend, Under all the treatments, the uptake of
nitrogen was highest in the laming at the late vegetative
phase, shooting, and nayvest. 6imilarly phosphorus
uptake was also highest in lamdne at the sarly and late
vegetstive phases and shooting. At harvest, fruits
haé the highest uptske of Paﬁs. A atullar dlatyribution
of N and Po0, was recorded by Samuel gk al. (1976).
Paseudcsten recoxied the nighest uptake of potassium
at late vegetative phase, shooting and harvest,
Jauhari gt ale. (1976) and Valsamua Mathew (1980) had
ela> recoxded the highest uptake of potassium in
pseudosten,

From this study, 1t is clear that assimilation
of principel nutrients was slow vhen plants were in
early vegetative phase, and increased rapidly between
late vegetative phase and shooting. Such an uptake
pattern had glso been reported by Machado (1962).



According to Javhari g% al. (197%) and Samuel gt al.
(1976} uptake of paos and K;0 wvas very rapid during
the first few months of planting and decreased later
on, This indicate that in basnana, maximum nutrient
requirenzents are during this period, Therefore appli-
cation of fertilizer should be made well in advance

of this growth phase.

Wita regard to the uptake of nutrientas, in
relation to the availability of moisture, it was seen
that the maxisum uptake vas recorded betwesn the late
vegetative phase and shooting which coincided with the
period of maximum rainfell, Thus apart from the
developnental stage, s30ll molsture glso haed definite
inflvence on nutrient upvake. In rsinfed bananas,
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tiere seews Lo be necessdty for working sut soil moisture

relatiunshly, with developmental physiology, as well as

nutrient uptaeke.
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SUMMARY

The present investigations wvere carried
out in the Department of Pomalogy, College of Horti-
culture, Kerala Agricultursl University, froa 1981 to
1982 to study the effect of different levels of
potassium on morphological gharacters yield and quality
attributes, drymatter agcumilation and uptaeke of
nutrients, of rainfed banana Musa (AAB group)., The
sumnary of results are pressented velow,

4. The morphalogical charagters except the
height of the plant wers not affected by the applicsation
of potassium.

2. The treatments did not also influence
the nuzber of funetional leaves, totul leal area or
sucker production,

3. The duration of the crop wvas significantly
altered by levels of potassium, Plants receiving
600 g x,o per plant took the minimum time for harvest.
The offect wvas mainly due to the earlier flowering
notieed at higher levels of potassiun,
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bk, The yisld inereased vith increasing
levels of potassium, There was a linear relationship
betvesn amount of potassium applied, and yleld
obtained, the highest yield being obtained at 600 g
K0 per plant, he optimum range of potassiuc required
appeared to be above 600 g K0 per plant.

5« The bunch characters vis., length of
buneh, number of hands per bunch, weight of hand, nusber
of fingers, and girtr: and weight of finger were signi-
ficantly affected by ths levels of potassium,

6. levels of potassium significantly influenced

fruit miazt.’wlp weight, peel weight, and pulp/peel
ratio.

7. Potassiuxm application had a significant
benelicial affect on quality at¥ributes like total
soluble salids, total sugars, reducing sugars, sugar/scid
ratic and acidity.

8. Total dry matter produetion inoreassed with
increasing levels of potassium in all the three stages
of sampling.

9. During early and late vegetative phases,
a8 vell as at shooting, dry matter accumilation wvas
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paximum in laminse. At harvest fruits had the
highest <ry matter ascunulation,

10, Total upteke of nitrogen increased from
early vegetative phase, to shooting and declined there-
after, in all the treatosnts, levels of potassium had
no effect an the uptake of nitrogen,

11, Total uptake of phosphorus continued to
inerease, throughout the duration of the crop. Inereasing
levels of potassiuz increased the uptake of phosphorus.

12, Total uptake of potassium increased with
increasing levels of the same. It cantinued to increase
until harvest. 7The upteke of potassium was the
highest of the three major nutrients, namely nitrogen,
phosphorus and potassiun,

13. Distribution pattern of nitrogen, phosphorus
and potassium remained the same under all the treatoents,
Lazmines vecorded the highest uptake of nitrogen at late
vegetative phase, shooting and at harvest. Uptake of
phosphorus vas maximum in lamina =2t exrly and lete
vegetative phases aixi aleo at shooting. At harvest
fruits recorded the highest uptake of this elament,
Potassium uptake was maximum in the pessudostem at late
vegetative phase, shooting, and harvest.
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APPENDIX « 1
Weather data for the period from March 1981 to

March 1982,
Temperature °C  Relative huumi- Total No,of
Month dity (%) ;ﬁ ‘m‘ﬁr
Maxi~ Mini- Maxie Minie  (an)
zan mnun mum aum
March 36.2 2,2 81.6 46,9 2.0 1
April 36,2  25.6. 771 52,2  16.0 ¢
May 33.1 4 88.7 53.2 225.8 8
June 28,8  21.8 93.1 86.5 1124.6 25
July 26.0 22,0 92.6 79.%  512.9 20
August 29.% 21k 93.7 80.0 407.9 17
8eptember 29,0 2.3 93.2 80.1 528.8 19
Ogtober 29.6  22.8 91.8 69.3 136.7 13
Novenmber 31.3  22.0 90.0 60.6 80,2 5
December 3.2 21,6 79.3 46,7 N1l -
January 32.5 2.6 61.6 5,88 Nl -
February 36.9 21.3 57.7 32.09 il -

March 35 .k 2742 ?802 690 38 Nil -




APFEDIX - IX

Analyses of variance for the effect of potassium on plant
height at variocus stages of growth

Mean sum of sgquares

Source

Degrees of Late vegeta~ Shooting
fresdon tive phase
X.oocks b 3’7 . 33* . 3“30 w
Treatuents b 118,59 10%,80%+
Error 1% 3.1 100,52

*sgignifigcant at 1 per cent level

APPENDIX - IIX

Analyses of varience for the effeet of potassium on girth
of pssudostes at various stages of srow

Mean sum of aquares

8ource

Degrees of Late vegota- Shooting
frecdon tive phase
BRocks L 7.16 16.21
Treataents L 2.13 16,00
Error 16 10,26 16,41




APPENDIX - IV

Analyses of variance for the effect of potassium on number
of functional leaves and total leaf area

Mean sum of squares

Degtmn gatalunuﬁeg of Totsl leaf area
wnection eaves
Source free-
dom late vege~ Late vege~

tative Shoot= Sative Bhooting

phase ing phase
Mlocks b 0.6376 0.6635  1.5150 2,3165
Treatments & 0.2923 04135 0.9499 2,1219
Error 16 0.3133 0.7582 1032 0,806

APPENLIX - ¥V

Malyses of variance for the effect of potassium on number of
days from planting to shooting, days teken from shooting to
harvest and planting to hama‘.

Man sus of squares

Number of D tekken Runber of
e apime, gnSmie dmbe
A 81 B an g Lo
freedon & ooting harvest
Rlocks N 164.63*° 20,27 ™3.15
Treatments N %22,60%% %,18 bk, 260
Error 16 400,56 6.83 109,09

s gignificant at 1 per cent level



APPRDIX - VI

Malyms of vayiange for the effect of potussium
an the productian of suckers

; De rees of Mean sum of
Source freedon aquares

Blocks L 1.?9
Treatuents b 1.06




Analyses

APPENDIX - VIIX

of variance for the effect of potussium on bunch charazcters in banans

Mean sum of sjuares

S8ource Degrees th of Length Girth Bumber Numbery t t No.of ‘weight
OB o P gre  Meer fme goe e g e
free~ finger finger hands fingers bunch M per r!.n-
dom hand gers

Kocks bW '4'.,40 0.23 0.25 Oow 262,62 G.15 0.0213%* 2590“3 “037.‘

Trogtaents & S, hen 1. 30> 1.49%e 1,,030%+ $628,20++ 2,30%* 0,088+ 1520,30%+97,.7/%*
Error 16 11.10 0.58 0.18 O.22% 126.23 0.57 0.00% 13.%2 12.6

*s84andficant at 1 per cent level



APPERDIX - VIIX

Amalyses of variance for the effect of potassium on fruit characters in bsnana

Mesn sum of squares

Degrees of .
Source freedom Fruit Pulp Peel weight Pulp/pesl
wveizht weizht ratio
Alocks h 5 06& 2.5‘ 0.'#5 OOM
Ireatoents 4 100. W‘ 9?.&“ 1¢~0"‘ 0. 260+
Error 16 1.62 1003 O.22 0«6*

* Significant at 5 per cent level
*s gignificant at 1 per cent level



APPERVIX « XX
Apslyses of variance for the effect of potassium on frult qualities in benana

Mean sum of squares

Gouree o rees Total Feducing Hanered sugar eoid
educing Hoaneredu- ae
mmo- 58 Acidity sugars suger cing sugar ratio
Rocks L 0. 65% 0.0001 0.076 0.08 O. 1.52
Treatments b 16079 G 00kG%e  $1,67%s 10. 0.078 79430
Error ) 0.42 0.0000% 0.1% 0.07 C.0h8 2.2%

esGignificant at 1 per cent level



APPERDIX » X

Mmulyses of variance for the effect of petassium on
total upteke of K.

Mean sum of squares
Source Degrees =

of Late vege~ 8hooting Harvest
freedom tative phase

Hlocks l“ 0053 ,‘-06 2. 3’
Treatments b O. 3.3 - 85 53.71
Error 16 0.28 : 11.92 3.%

*#3indficant at 1 per cent level

APPENDIX - XI

Malyses of variance for the effect of potasaium on
the total uptake of P205

Man sun of squares

Degrecs
Source
of Late vogee
free~ tative phase Shooting Harvest
dom
Rlocks b 0.007 0.38 CodM
 Treatments W 1.006%+ 1,290+  3.85ee
Eyror 16 0.010 O 33 0. 35

*a3ignificant at 1 per c=nt level



APPELDIX « XII

mgltgus of variance for the effegt of potassiunm
on the total upl ke of K20

Degress Mean sum of squares
Source of
freedom Late vegeta= 8hooting Harvest
tive phase :
Blocks b 0.95 165.42%¢ 262,60
Treatments M 315.89¢» 8099.k2¢% §728,98++
Error 16 1.00 380 33 60, 23

s+ g4onitvic:nt at 1 per cent level



APPENDIX - XIXX

Aaolyses of variange for the linear and quadratie
:ii:gga of different levels of potassium on: bunch

Souree D‘g;"’ M:;ﬁa;:: of
freedon

Total 2 -
Blocks b 0.15
Treatments b 2o, 300
Control Vs treated 1 5 JJiGe w
Between levels of K 3 1, 300 »
K linear 1 40, 96%*
K quadratic 1 0.15
Error 16 0.573

sagignifieant at 1 per cent level



Effect of potassium putrition on total nitr
phosphorus and available potassium in soil

APPENDIX « XIV

gg: av:ilable

T harvest

of the orop
uz:i:iof :::,r al g:ilp;hlo Avﬁ:’i}h
PO um ogen orus po um
(g/Plent) (%) (%) (%)
0 0.1 0.001 0.0095
300 0.13% 0.0009 0.,0105
400 0.130 0.0009 0.,0123
500 0.132 0.,0008 0.,0135
600 0.130 0.0008 0.010
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ABSTRACT

The present investigation was carried out
in the Department of Pomalogy, College of Horticulture,
Vellanikkara from 1981 to 1982. This study was esimed
at finding out the effeet of different levels of potassium
on growth, yleld and quality of fruits, uptake of
nutrients at different stages of growth and also to find
out the optimum dose of potassium for banana under
rainfed conditions. The five treatments tried were O, 300,
400, 500 and 600 g K0 per plant. The experiment vas laid
out in randomised bloek design wvith five replications.

Aaong the morphalogical eharasters, only the
height of the pseudostem vas significently affected by
the levels of potassiuvam. The duration of the crop was
significantly reduced by higher levels of potassium, The
effect of potassium on duration was more evident cduring
the preflowering stage than between shooting anc harvest,

There was a linear increase in yield with the
application of potassium, The yield continued to increase
till the highest dose tried (600 g KQO/plant). The
optimum therefore probably lies above this range.

Total saluble aclids, total sugars, reducing
sugars and sugar/acid ratio increased with increasing
levels of potassium, Acidity of fruits was also signifi-
cantly affected by levels of potassium,



Increasing lsvels of potassium resulted in
inoreased dry matter production, Dry matter ascumilation
vas maximum in leminae during early and late vegetative
phases and during shooting. But at harvest dry matter
ascumlation wvas maximum in fruits,

Uptake of nitrogen was not influenced by levels
of potassiuc, In all the treatments the total uptake of
nitrogen increased upto shooting and declined thereafter.
With increasing levels of potassium, the uptake of
phosphorus also increased, The total uptake of this
elsment contimied to s.ncroaai t1ll harvest, ZThe uptake of
potaphatam increased vith inereasing levels of potassiunm,
The total uptake of potessium continued to increase $1ll
harvest, The amount of potassium taken up by the plants
in all the treatmente wvas the highest of all the nutrients
studied,

Lamina recorded the highest uptake of nitrogen
and phosphorus at late vegetative phase and shooting.
At harvest also uptoke of nitrogen was maximum in laming
but that of phosphorus was maximum in fruits, Pseudostem
recorded the highest uptake of potassiun at late vegetative
phase, shooting and harvest,



