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INTRODUCTIOH

India at present occupies the second position in the
world for production of banona with its cultivation in
more them two lekh hectares (Anon, 1980). Eencue in India
io now grovn umnder varying solil snd seasonal conditions,
exploiting the wide variability exieting in the crop. The
chiof banana growing Siates in the countiry are Kerala,
Tamil Nadu, Hoherashtra, Audhra Pradesh, Karnateke, Orises,
Biher &nd West dengal. Of the total srea under cult}vathn,
54 per cent ie boing ohared by EKerala, Tamil Hedu end
Maherashtra. Kerala ranks first ﬂmbng these States with an
erea of 50,100 hectares and a production of 615,227 tonnes
{Anon, 1980)., As the demend for the fruit in the interna-
tional trade is growing very feost and ws it fotches é higher
foreign exchange among the frults of iroples, sny atﬁempt {0
incéease the pepr hectare yleld is most attractive.

Iudia is blessed with enormous nuaber of banana cultivers
suited to the different localities. The most populer oulti~-
vare are Palsyankoden, Dwerf Cavendish, Virupakshi, Rasthall,
Nendran, Honthen, Robusts, Hey Poovan znd Red Benena. Asong
thece Palayankodan (AAR) syn., Caocmpe (West Bengal), Poovan
(Tamil Hadu), Kerpurachakkerakels (Andhra Pradesh) io reported
to be tolerant to poor soll and drought conditions(Simmonds,
1959). This group ies by far the most important banane in
India contribuiting over 70 per cent of the total crop in the



country (Simmonds, 1959). In Kerala, approximatoly

80 per cent of the banana cultivation is reported te be
under rajinfed conditions and the nost predominsnt culti-
var is 'Palayenkoden’.

It is well known that the baneng plent requires rich -
and fertile moiles, if a regular ha;veot ie to be obiained.
Being o groess feeder, heavy fertllization schedule boeozes
negessery for obiaining aizher yields in banana. Simmonds (1359)
reported that aven an 1nﬁerent13 fertile soll gets depleted of
ita fertility within a few years of bamnana cultivation. lience,
a sisble cultivation at a astisfactory leveli of production

can only be achieved bj adequate fertilization.

Investigntione done in ithe past in India end abroad
have shown that banora has a very high requiresent of H and
K. compared o P. Considerable date on the significance of
HPK nutrition in banams for wverious growth apd yield attri~
butes cre aveilable for different varieties under different
clinatic conditione. Howover, these fertilizer recemmendn-

tions are meinly for irrigated bananas.

So far, no syciematic approach mecms to nave been made
to study the response of nutrienis in bononz under rainfed
cornditions. The investigutions on the differeant aspects of

crop production in rainfed bemsna therefore assumes greater



aignifieaﬁce in & State like Eerala.ﬁhere 80 per oeﬁt of
this crop is under unirrigzated conditions. The present
study was directed to understond in detail the nitrogen
nutrition in Palsysnkodon culiivar end is the first in

the ecries of the proposed comprehensive investigations

on nutritionzl requirements.on rainfed bansras,

The experiment was undertaken with the following

objectiveaz-
i) to study the offect of differont levels of d;trogan
on growth, yiela and qualily of fruits

1i) to study the uptake and distribution of nutvrients
at different phases of growin and developmeni,snd

iii) to asecas the most economic dosage of nitrogen
under rainfed conditions. |
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REVIEW OF LITERATURE

In order to have a proper appraisal of the problems

involved and for a critical interpretation of the results

.obtained, the available literature on the role of different

nutrients in banzna ie briefly reviewed below.

1. HIT&OGEN IR BANANA NUTRITION

Nitrogen es a plant food affects growth end develop-
ment of plants to a merked degree and ite role in the plant
life has been emphasized by various workers in the field of
plent nutfitiun.

crohcher end Mitchell (1940) in their investigations
on the nitrogen needs of Groe Eichel banana observed that
an increase in yield could be secured by the application of
nitrogen in soils which were rich in available K,0 and Pp0c.

Norries and Ayyar (1942) reported that banana plants
require large quantities of potassium, moderate guantities
of nitrogen and relstively little phosphorus for optimum
production. Summerville (1944) observed for the Dwarf
Cavendish banans grown on red basalitic soils of Queensland
that the?e was considerably greater'reeponae to nitrogen and
potassiun when applied together ithen when these were applied
separately, while application of phosphorus io these soils
had no e:feet on growth.

If




Gendhi (1951) roported that in the Poona region
nitrogen application was foumd highly beneficial whereas
addition of phosphorus and poisssiun produced no-aﬂdi~
tionel yield, OSimiler results have boen reported by
Gopalan lngar (1962) besed on the mapurial trial in the
Ceuvery delts. Gopalem Hayar (1953) studied the effoct
of nitrogen, phosphorus and potessium in the culttvar_
*Poovan' grown on ihe heavy olay coils of Aduthurai in
Thanjavur District ond reported a positive response only
for tne application of nitrpgan. Bnen ond Majumdar (1950)
in West Bengal also observed the some effect of nitrogen
vhen nitrogen, phoephoruc end potaceiuva wers spplied.
Phosphorue and poiasaium either alone or in combination,
when applied in conjunction with nitrogzen did not prove
beneficiel.

The ptudies underieken by the Banena Board Research
Depertnent, Jansice (335b-61) revealed thet nitrogen was
the first mineral nutrient to which banena responded well
ang that éotaasium also was found to induce better yielde
in many. localities. Butler (1960) conﬂhched fortilizer
oxperiments with Gros Lichel banana in Jamaica over a
period of .13 years and on further studies in {onduras over
a three year period reported that economic responses to
fertilicing could be effected only froa the use of nitrogen.
Phosphorus end potopeina elone or in combination did not
produce aiatiatieaily increased production as coipared to

nitrogen used elone.



Wardlﬁw {1961) roborted that bananas responded well
to nitrogen even when 1t was relatively more abundant
then potassiun snd phosphorus in the soil. But benefi-
cial 1nr1uen§e of potassiun was obser&ed in poils which
have been'loﬁg under cultiveiion or heamvily leached,
while phoophorus gave little or no reenonse, Inwesfi-
gationa hy;Bhangoo st al, (1362) in Honduras indicated
slgnificant reeponee to the application of phosphorus
and potéasium in conjunction with nitrogen improving the
average bunch weight of Glent Cavendish beuena, Iittle
or no respbnae was obtaimed from the use of nitrogen
alone, whije phosphorus and potassium withoui nitrogen

had no effect on yield.
|

2, EFPECT OF NITROGEN ON GROWTH

Tnnaké (1937) conducted manurial triels with Hekuehu
variety offhanana in sand culture and reported nitrogen
es the momt importont nuirient and 1is omission resulted
in poor growth.

In fertilicer experiments conducted in Jamajca with.
Gros Michel banaua, Croucher and Witchaell (1940) found in-
creased plant grovth by the application of nitrogen along
with P205 gnd K,0. Bteinkauvaen as quoted by Asholkumar (1977)
reported t#at nitrogen promoted vegetative growih including
longitudinal growth of petioles.and length of bunch, He aleo



obeerved 2 promotive effeéot on the sprouting of the corm
bite as ﬁell as on the-shooting of the young plants due
to the application 6;‘nitrogen. In the same trial he
observed that excess niirogen reduced the rigldity of
the pscudostea, delayed shooting ond resulted in aktmor-
mally wide opaced hends in the bunch. Butler (1960)
"working in Jamaica and_ﬂondura@ on Groo Nichel baneno
reported that nitrogsnous fertilizers increaped growth
sabstantislly, but the other major and minor eleaents
had cezparatively little effect and were eeonomicaily
unimporiant or even little feaeiblg;

A positive infiuence‘on the periodicity of the
plant'and induced growth of leaves due to ithe effect of
nitrogen was reported by Katyal cnd Chadha (1961) in
banana. Battikheh end Khalidy (1962) applied 0, 100,
200 and 400 g of ammonium niirate in turee spplications
at 1ntervalé of 45 days with constant level of 400 g
super phosphate and 200 g potassiuxn aulphate'anﬂ noted
an increage in the height of the pscudosten, lsaf areo
and leaf production bzsides an increase in nitrogen
content in the leaf with increase im nitrogen applica-
tion. Jagirdar ot gl. (1963) reported that highey »
levols of nitrogen repulted in incressed plant growth
and vigour in banana,



_ Venkatesam st al. (1965) studied the effect of
nitrogen. phosphorus and potasaium each at three levels

on the growih of Karpurazchakkarskell variety of banana

under Andhra Pradesh conditions. <They observed that

applicatiﬁn of nitrogen induced better growth in tﬁe
plonts while phosphorus and potash had 1little or no
influence, The effective leaf ares increased with
increase in t@? nutrient lsvela esgpecially of niirogen.
Arumaehalaﬁf{%§76) studied the effect of nitrogen on
vrart Cav?ndieh. Glent Cavendish, Robusta and Lzcatan,

Pronotive effects were noticed by thom in almost all

j characiers vic,, peeudosien height, girth, leaf area and

nunber of leaves retuined. The sucker production was
slzo ennanced due to nitrogen applicetion in all the
varlieties, Shanmugsm: and Velayudnem ¢ 1972) reported
thet banans plonts which did not receive niirogen pro-
duced only sevea leaves wheress plants suzplisd with

adequate nitrogen produced 17 leaves.

De EFFLCT OF HIZROGEN ON FIOWERING ARD HATURITY

Inlfertilizer experinenta conducted in Jawmaica at
various iﬁcatlons_of podeniary hill side soll with Gros
Hichel banans, Croucher and Hitchell {(1940) found that
the tine of shooting was hastened upto 20 per cent by

" the eppiication of nitrogen. In mezrurial investigetions



on banena (Martman varietj') conducted in West Bengal,
Bhan and Majumdar (1956) found that the plants cropped
earlier vhen heavy applications of nitrogen were

employed.

Simaonds (1950) stated that the rate of maturity
(tiﬁe 10 fs_hooting_), wvas nearly always hastened by nitrogen._
‘ Jugirdar g} al. (1963) rep’orfed that higher level of
ni‘brogen? althpughd:ilot ine'reashj’_,; yield, improved grade
and the pe‘x;iod of maturity. Plants.given 100 1b nitrogen
and irrigated every six days produced‘ nature frults 83
days earlier than unfertilized plants irrigated at ;14 days
interval.l Venkatesan ¢t al. (1965) observed that the
duration frem the setting of suckers upto shooting was
markedly reduced with an increase in the level of nitrogen.
But the maturity period of the bunch was not infiuenced |
by different levels of nitrogen. Martin-Frevel (1966)
vhile woxjicing with Dyvarf Cavendish found an earlinels
_'“pf the cfpp due to niirogen applica‘l‘.ion.‘

4. EFFPECT OF NITROGEN ON YIELD ANP YIELD ATIRIBUTES

 Ballionm et gl. (1933) obtained increased yield
with nitz{ogen and potash applications in ‘banana? Bowman
and Eastwood (1240) and Oroucher aud Mitehell (1940) .
found 'inc;,;'eased yield due‘ to the épplication of nitrogen

in the varisty Gros Michel under Jamaican conditions.



Bhen and Mojumder (1956) and Katyal end Caedha (1961)
noticed a significant increase on the nuaber of hands
and fingers per bunch due to heavy nitrogen application.
Simnonde (1959) afated that there waal’an increase in
bunch weight with increase in added doses of nitrogen.

Stoniheusen as quoted by Ashokkuzer (1977) reported
that nitrogen increased the lexigth of bunch and number
of hends per bunch. Simzonds (1959). Venkatesem et 0l.(1965)
and Arunachalam (1976) roported an mcreasa in all the
yield attributing characters and finally the y:leld owing
to the a_r:;p‘lj_.crfltion of nitrogen.

Valmayor et al. (1965) in their irial with various

conbinatione of nitrogen, phosphorus ond potaesium includ-

ing double nitrogen dressings end one or moro minor ele-

aents found no responss frqm_phonphorua or potassiua or

the minor elements. But the single dose of nitrogen

{120 g/stool/year) incrensed benana yield by 75.75 per ceut

end double dose (240 g/stool/yesr) by 166,67 per cent.
In four yea.m' cumparisona of various combﬂ.nationn of
nitrogen, phoaphorus and poteasiun applications on non=-
irrigated Iﬂcatan banane in Jemalca, Oeborne and Hewitt
(1963) found that beet yields aﬁd_qualiw fruits were
obtained with three epplieztions per ennum of emmonium
sulphate at 16.6 oz per plant, Superphosphate caused
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no recpomse; but application of muriate of potash at the
rate of 1.5 1b per plant appreciably incroased plant'
growth, finger length, yield and average bunch welight.

Tezotls and@ Dubey (1971) studied the effect of
nitrogen on growth end yield of Musz cavendishii (L)
variety liarichal., They applied nitrogen fron five
sourg¢es - ammoniun sulphate, urea, dismmonium phosphate,
culeium emmeniun nitrate and + somoniua culphate +
¥ compoet at the rate of 45, 90 and 180 g per plant.
They obsorved that =11 sources significantly increased
ihe yield but 180 g disomonium phosphate followed by
anznoniun ‘sulphate gave the highest yield. Veeraroghavan
(1972) reported significent incresse in nunber and
welght of fruite in Nendran banana in Kerals with 228 g N,
228 g 3205 and 456 g K,0 per plant per year.

Hamaswémy and Muthukrishnen (1973) ptudlied the
effect of nitrogen on fruit Gevelopment in Robusta banena
and obtafhed best rééulta with 170 g H per planit which
1ncreased'the length snd girth of frult at harveai to
21,26 cm 2nd 11.47 cam respectively compared with 16.31 en
and 8.60 om where no nitrogen vap umsed, Roamgswamy and
duthukrishnan (1974 a) studied the effect of different
levels of nitrogen on Robusta banana opd obtained begt
results with 170 kg N per acre.
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Rohli et 21. (1976) reported that 180 g i, 155 g POy
and 186.75 g Kgper plent/gear was ihe best fertilizer dose
for Robusta banana, giving the moximum fruit yield of
420 to 530 q/ha. under Bangalore conditions. éingn et al.
(1977) reported that 150 g N, 90 g P,0g and 170 g K0
supplementad with 20 kg conpost per plant ¢an be recommended
for Basral banana of Uttar Pradesh for beiter yield.
Pillal et al. (1977) ctudied the response of Nendran
banana to different levels of nitrogen, phosphorus end
potassium‘at the Banora Research Station, Kannara for
five consecutive seacons from 1963-1964, The results
ravealed that nitrogen and potassium exeried a significant
positive influence on fruit nuaber exd bunch weight. The
optimum dpse of N and K20 corresponding to maximua yleld
of fruit was worked out as 191 end 301 g per plant reo-

pectively.

Se BFFLCT OF NITROGEN DEPICIENCY IN DANANA

Hurray (1959) mtudied the deficiency symptous of
mejor elements in bansna and observed that nitrogen
deficiency resulted in stunted growth, progressive -
diminution in leaf size, the development of short, thin
coapressed petioles and reduction in suckoring. Wardlew 1961)
reporied that the most{ characteristic eympiome of nitrogen
deficiency are sclow growth, developament of & yellowieh
green coleur in the lsaina snd & more or lees deep-re&dieﬂ
tinge or bigmantation in the peﬁible. Charpentier ond
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Moriin-Prevel (1965) reporied that a total ﬁefiéiengy of
nitrpg@h{woulé seriously impair growth beyond flowering
stage,. A conelderable reduction in yield and guality
Anvariably occuffif differentieticon coineidéé,with a
period of nitrogen deficiency.

6. EFFECT OF NITROGEN ON FRUIT QUALITY

The pre-harvest conditione including aineral nuiri-
tiom reflcct on. the quality of the final producte in all
crops. Pantastico (1975) reported thai variations in
fruit quélittee eximted within the varieiy due to pre-
harvest éonditiona in whieh the erop wes grown. The pro-
hervest conditions sffecting fruit quality coaprised of
temperature, relative humidiiy, light, =0il texture, wind,
elevation and rainfzll under envirvonmenital conditicns and
mineral nuitrition, msoil manageament, pruning, thirming,
roctetocks, density of planting, irrigation end drainege
under cultural aspects. Of the culturel aspects, nutri-
tion of the plant was by for the most extensively explored
field especially in the cmes of citrus (Pantastico, 1975).
He had undoubtedly stated that fertilizetlon with major
elements affocted the internsl quality of fruits.

Renther and Smith (1952), Smith (1967) and Eefford
end Chondler (9970) observed that niirogen nutrition had
a posltive effect cn soluble golids and titrstable acidity
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and an adveras effecti on the weight end solid %o acid
ratio of pinempple fruits. According to Su (1957) and

Tay et al. (1968) nitrogen hed no effect on fruit quality.,
But Tay (1972) stated that Yap end Parbery obscerved en
lncrease in the fruit meldlity by highor levels of nitrogen
without sltering suger content in pineapple fruite. But
Su (1957) and Py (1958) rcported e decrease in acidity
with increase in nitrogen application in pineapple,

lijjar and Chand (1969) found in Anab-e~Shehi grapes
that mediua dose of nitrogen ehowed the maximua percentage
of totnl coluble solide along with lower acidity. Desaj
and Phednis (1979) reporited that in Cheexma Sahebi grape,
total soluble solids, acidity, sugars and total soluble
solids/acid ratio were better in lower levels of nitrogen.
Kijjer and Singh (1979) in Thompeon Saecdless grapes
reported a decreased acidity with increased nitrogen leveles.

Singh et al, (1974) studied the effect ;I nitrogen
and potaéaium on the physico=chemicel characters of
Robuste bsnena and reported am appreciable improvement in
fruit qualities with poiassium combinetions. But |
teaotia el al, (1972) falled to get any marked effsct
on the quality of fruitq és affected by dittereﬁt levels of
nitrogen, phésphorus and poiassiua in banane variety

Cavendishe Chattopadhyay et al. (1980)in Cavendieh banens
found that nitrogen application increased the total and

reducing suger contents of the fruits,.
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Baattacherya et al. (1973) in Kagei lime found

© that the.quality of juice judged in teras of totel

soluble solids, vitamin C and acldity significantly
decrespcd by the use of higher rates of nitrogen.
Singh and Rejput (1976) reported that amiirogen nutri-
tion had & highly significant effect on toiol soluble
solids, éeducing sugars and pectin content of guava
fruits, -

Te UPTAKE AND DISTRIBUTIOE OF NUTRIINIS

Horriec and Ayyar (1942) studied the'minera;
requirenent of banena. Nitrogen was found to be fairly
ovenly distributed throughout the planti iis highesti
portion yeing found 1ﬁ the suckers, the rhisomen of the
puckers and in the leaves. Martiin-Prevel snd
Hontagutf(1966) studied the varistions in ihe relative
and actuel proportion of nitrogen and itotal dry matter -
in the piant orgens. It was established that absorbed
nitrogen was quickly uced snd accumulailon of nitrogen

reserven was practically impossible.

Jaqob and Uexitull (1960) found ihai thé autrient
reaoval by a 30 tonmne orep was 50 te 75 kg, 15 to 20 kg
snd 175 to 220 kg of N, PEOS and 320 raespsctively.
Hartin-?éeval (1964) eotivated the awtrisnt uptake in
Ii'.mr; Covendish banena ns 50 kg N, 12.5 kg P,0; and

150 kg KEOIhm, for a production of 25 metric tonnes/hn/yesr.




Turner (1963) reported that the quantities of nutrientes
teken up by benana plants and incorporsted into new
growth over a 12 month period indicated high require-

aonts of nitrogen and potassium amnd a low phosphorus.

Baged on the total nutrient upteke studies, Jossph (1971)
estimated that a banens crop of 16.25% tonnes of freesh
fruit would require 389 kg N, 8 kg 9205 and 285 kg K20/cre.
Shonmugen and Velgywdhan (1972) found out the upinke of
N, I’..‘,O5 and K20 by the bananc crop es 300, &0 and 800 kg/ha
rsspectively, Jauhari et zl. (1974) studied %he nutrient
upteke of banane varioty Bagral Dwarf cnd reported that
the uptake of nitrogen, phosphorus and poisgsiun wos
rapid in the first four monihs froam planting. Increassing
the nitrogen content led to the accumulation of phosphorus.
Potessiuz content decreassd in leeves and roots during
growth whereas the content in the rhizomes and pseudosten
increazsed, Highest content of silicon, phosphorus and
potageiun were found in psoudoastcon, calcium and nitrogen

in the leaves and megnesium in the rhisne,

Vgei'annah et al, (1376) studied the nutrient uptake
in Poovan and Robusta varieties. They reporied that
Robusta required I, ?205 ond K0 at 325, 75 and 1195 kg/ha
reapectivfa],y, whereas Pooven required 403, 35 end 1285 kg/ha.
They further reported ilhat niirogen end potessiun were.

abporbed ﬁmm in the pre=flovering siange of Robusta.

3



There was, however, & continuous and steady uptake of
nitrogen acnd potassium and the quantitiées were almost
equal before and after flowering in Poovan. Lenf wes
found 1o be the specific tissue for dlagrdsihgy nitrogen
end phosphorue at all stages of growth. For potassium,
however, sheath was found to be the most sultable tissue.

Tuﬁforﬁ and Walnsley (1974 &) mtudied the mineral
compoeition of Robusta banenn, The distribution patisrn
saonget the different plant parts for nitrogen vas as
follows. At the pucker stage, shoot was richer in
nitrogen‘than the corm, Throughout the vegetative phase,
the unemérged lesg - hed the highest concentration
followed'by leaves end meristem, Juring the fruiting
vhape niirogen wap recorded maximym in the inflorescence

followed by leaves ond other fruiting parts.

‘. There was little change in niirogen concentration
with planﬁ age in the unemerged leaf as would be éxpeoted
in a tissue, vhose physiological nge rczained more or less
constant, In most{ othor vegeiaiive orgons, coucentrations
tended %o decresee with age upio shooting, aliier which
thero was 1little change, In the corm, howaver, behaviour
varied atldifferent fites; at come sitewy the level remained
constont but at others it decrezged. Inflorescence and
internal fruit stalk levelo tended to fall with age. As
the fruiis matured, nitrogen levels folli phoephorus sud
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potassiun seemed to be of greater.imporiance in most
tiesueQ;hut not so much of theoee involved in fruit

development.

Tae distribution pattern emongst the difrérent L
plont parts for phosphorus was aa follows. IAt guclker
stage, tﬁe ehoot had a higher concentration than the .
corn, At the amnll and large stage, unsmerged leaf had
a very mgch higher concentration them other parts followed
by meriatem emd then usuelly loaves, In the fruiting

_phage the inflorescence had a much higher phosphorus con=

centration than auy other organ, followed by ine fruit
slalk. At all stoges oﬁ growth, cora apnd petiole con-

oantratidna ware the lowest.

The distribution patiern of pntaauluq anonget the
different plent paris was as follows. 4t eucker stage,
shoot was richer in potessium then the corm. In later
vegetative etage, unemerged leaf was always highest in
potaasiué, followed by meristem, psecudostemn, petioles,
leaves a@d coras In tné fruiting chase, the richest tissues

vere frult atalk and ithe infloresgance.

Twyford and Walaeley (1§74 b) conducted atudiee on
uptake and distribution of mineral comstitaents in Eobusis
banena. ‘The distribution patiern for totsl nitrogen
anonget the various orgsne was, as for concentrations,

leavee always hed the higheet content of nitrogen. In



the vegetative phase and at shooting, the pseudosten and
cornt were the next largest repositories., DBut in the
fruiting phase, the frulito containcd more nitrogen than

either to pseudostem or cordm.

8, RUTRIENT LEVELIS IN LEAF TIGGUEL

Leqf anelyois has come to be accepted as en imporiant
t00l in modern soil feritiliiy and plant nutrition investi-
gations. - The nutrieant status of the banane plent at a
perticular stsge may be indicated by the concentration of
nutrient elements in the leaf or any other specific plant

part,

The leaf analyois technique for banana to determine
the nutrient requiremenis has geined much importance since
Fewcett's work (1921) with Dwarf Cevendish bapaue, Ieaf
enclysis in the banona plant was first originated by
Hlewitt (1955) in Lacatan banans who esmpled the lamina of
the third youngest leaf in the succession of leaves from
the top of shot plants, since it hed the highesi concen=
traticn of nutrients., The critical level of nuirients
reported by him was 2.6 per cont N, 0.45 per cent 9205
and 3,30 per cent Ka . Besides he reported thatlthe
application of nitrogen prozoted the leaf nitrogen and
deoreased leaf potrasiun., Howewver, the leaf phosphorus
was not altered by the application of fertilizers con-
taining PEOS. He aleo observed thaet increased yield could
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be correlated with increased nitrogen content of the leaf
and no increased yield was likely to be obisined by the
additional epplication of P205 and K20 over and above the

criticnl level,

Boland (1960) worked on the probleme of leaf
saapling and reported that the levele of 2,8 to 3 percent
: Hy 0,40 to 0.55 per cent Paos. 3.8 10 4.0 per cent xao
in the leaf were optimem and also found the middle lanina
halves of itue second leaf before shooting as the best.

Murprsy (1960) working 1n\Tr1nidad with Dwarf
Cavendieh banena plents in pot cultures confirmed the
cholice of the third leaf as satisfactory, particularly
for nitrogen, phosphorua snd potassiun determinatione.

The critical levels reported by him were 2.6, 0.45 end 3.30
per cont N, ?205 and K0 respectively. Twyford (1967)
atandardised the fourth youngest leaf to aasess the cri~
tical level of nutrienis in Windward islends. The criti-
cal level for N was showg to be 2.9 per cent on most eoile
and 2.0 per cent on very light soils, for 9205 it was 0,29
to 0.48 per cent and for K50 1% was 3.8, The concentra-
tione forJnitrOgén and potaseiun were constsmt and were

recoanended for wide adaption.

Working on Cavendich banane planis, Battikhah and
Khalldy (1962) observoed that leaf nitrogen conient
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increaced with nitrogen applicetion. Applicztion of

@ore than 200 g K per plent did not subsientially increase
~ plent growth. According to them, the third leaf had tae
‘maxioun nitrogen content. Hewdtt =nd Osborne (1962)
working on Lacatan variety observed that for securing

" high yields, the leaf tiscues chould have 2.6, 0,40 and
4.0 per cent H, P205 and K20 respectively. They also
conoluded that varying the time of applicztion of nitrogen
had litile erfeet'an loaf nitrogen content. They further
rgportéd that potach application rapidly increased leaf

potossiun and heavy application deorsaced leaf nitrogen.

In Israel, Haign et al. (1964) found no mignificant
correletlons between yleld responses {0 varioue levels of
availaeble nutricnts in the soll and the nutrient contentse
in the leargs.- They recommended addition of nutrients if
the leaf content fell below 3.2 per cent for N, 0,19 per-~
cent for Péos ané 3.3 per cent for K,0. Twyford and
Coulter {1964) reported that adequacy levols of ¥, P205
aud K20 was found to be 2,9; 0,29 to 0,43 ard 3.80per cent
respectively. Sundareingh (1972) reporied that leaf
autrient content of 3413 per cenl N, 0.44 per cent ?205
and 5;89‘per cent K20 in the fifth month and 3,37 per cent
¥, 0.51 per cent ?,0; and 4.36 per cont K,0 in the seventh
aonth were the optimum for the variety Robusta,.



{

L

I
i

Rendheva et al. (1973) studied the effect of two
planting distences end three graded levels of nitrogen,
phosphate and potash on nutrient concentration in leaf
tiseue cnd the fruit yield of Bobuste banana under fisld
conditions. They reported that with increasse in the
level of nitrogen.sipplication tnere was incrense of
quadratic n@tﬁgg in the nitrogen content of leaf tissue.
Under the existing price situation the optimuzn level was
found to be 206.1 g N per plant resulting in 3,515 per-
cent of nitwrogen in dry metter of leaf tissue and 44.43
tonnes/ha of fruit yield, Phosphorus conceniration of
leaf tissue was cignifiosntly affected due to nitrogen
lovele after second dose of fertilizer application, but

at shooting stage thie effect wzs not apparent.

Remasvany end Muthukrichnan (1974 a) reported that
there were fluciuations in leaf nitrogen with increase of
nitrogen application. An adequaoy level of nutrients
comprising of .29 per centv N, 0.44 per cent P205 and
3.11 per cent 320 in the leaf itissue was obtained due o
soil application of 170 kg N, 85 kg P,0 snd 283.5 kg K0
per acrae which could be considered as &n optimun dose of
fTertilizcrs for Robuseta banana for maximising the yield.
Ramaswvany and ﬁutﬁukriehnan (1974 b) reporied that'nitragen
in certain levels were effective in maximising the produc-
tdon ir banmna and a critical level of leaf nitrogen 1.4
per cent was proved 4o be &n optimum level. Soldl appli~

cation of 150 g N per plant has been fixed as eritical



level for maximising the yield and beyond that level,
production was decrsaged. Shewky et sl. (1974) found
thet lemina hed the highest nitrogen and phosphorue
contents but the potessium content: of the midrid and
petiole were twice es that of lamina. Vadivel (1976)
reported that at shooting, leaf concenirations of major -
nutrionts was apsessed as 1.72 to 2,3 per cent K, 0,17
to 0,22 per cent P205 and 4 to 4.5 per cent K20 in
Robusta, Aaho@iﬁhmar (1977) reported thai leaf con-
centration of mutrients at chooting in Hobusta ranged
from 0,98 to 2,606 per cent N, from 0¢11 to 0437 per cent
2205 and from 3.6 t0 5.0 per cont K20 respectively.



maferia/é a,ndl Weféoc/}i
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 MATERIALS AND METHODS

The inveptigatione t© cesean the effect of ditgerent
levels of nitroéen on growth, development, dry matter
aecumhlation..yleld end fruit qualities of banens gulti~
var '?alajankodan' under rainfed conditione were ocarried
out in the Departaent of Horticuliure (Pomology), College
of Horticulture, Vellemikkara, Trichur during the year
1979-80. '

201l

The soll of the experimental area wae well drained,
acidic and lateritic clay losm. Tue chemicel character-
istice of the poil are prosented in Table 1.

Weather data

The detalls of the meisorological obaervations for
the cropbing season are given in Appendix I. The daily
maxinum teaperature during the cropping period ranged
from 31.1 to 40,1°C; and the minimun from 18.6 to 22.6°C.
Tae rangs of moxinum and minibua relative huzidiiy was
from 9% {0 98 per cent anﬁ 30 1o 68 per cent respectively.
There were 140 rainy dsye during the period of 396 days
which wes the duratiog of the crop. The total rainfall
received dwring the period was 2495,% nm, the naximun
rainfall was roeceived during the month of July, 197§.



Table 1. Chemical cherascteristice of the zoil

A3 M ST D A A Gl s ST e (N W A bk o e

Congtituenits Content in Analyticel method uped

tie soii, %
Total nitrogen 0.140 HicroKjeldzhl (Jackson, 1958)
Avziloble phocphorus 0.001% In 8ray-I extract;

Avallsble poiassium

pH

B.Ce {Specific condueibivity)

chlorostannous rgduced
molybdophosphoric blue
colour method (Jackson, 1958)

0.013 In 1 ¥ neutral amaonium
acetate exitract; flome
photometric (Jackzon,1958)

517 - 152.% mollswater raotios
ueing 2 pl meter

C.% millinhos/ 1:2.% soiliwater ratios
on using slectrical eonducti-~
vity bridge

- — —— - L L] e

Ga



During planting and at harvest, practically there
was no rainfall and the temperature was comparatively -
high. The period of crop establishment {February to

NMay) was aleo during hot summer, where the average

.monthly rainfall received was only 56.7 mm., The mean

menthly rainfzll during shooting end bunch development
was high (461.4 mm.). However, the maximua rainfall was
recelved during June to August in the pre=shooting period.

Cultivar

"Palaysnkoden' a popular cultivar of banana in
Kerala, which is neinly grown as a rainfed crop was
selected for the study. It comes under the sub group

Poovan with AAB gencme,

Suckers of uniform size and age (three months old)
were sslectied ond the pascudostems were headed back to a
height of 60 cm before plamting. By taking five raﬁdom
panples, the nuilrient contents of cora and psewdostem of

the suckers were estimated before planting.

Field preparation

The lend was ploughed twice and levelled. Pits of
size 50 cm3 were dug at 2 spaecing of 2,13 me. The suckers
were plented on 6th January 1979, one weelk after taking
the pitse A basal application of 15 kg farm yerd manure
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{nutrient value: 0.4 per cent nitrogen, 0.5 per cent

P205 and 0.2 per cent KQO) vas given., In addition %o .
thie, 2.9 kg of green leaf (nutrient volues 0,98 per cent
nlirogen, 0.3C per cent 9205 and 1,96 per cent KQO) vas
also. incorporated into each pit. Twenty~five g of thimel
grapule was. also apﬁlied into the pits before planiing.

Pot watering at the rate of nine iitres/plaui was
done at ?ortnigntly intorvals from the Zirast wee& of
planting till tarce monthe, for the establishaent of
puckers. Uniform cultural operations and crop nonagement

vere edopted during the eropping geriod.

Exporigental depign and lsay out

The ezperimeat waﬁ 1aid out adopting the randomised
block desisn with five trealments aud five replications.
In euch plot there were eight rows apaced at 2,127 m,

Five suckers oach were plented at 2.13 o in the row.

Thus there were iourtiy plants per ploil ae shown in Fig.l.
For recording morphological cheracters, nine planits were
solected ap Indicated in the lzy out plen, In sddition,
six planis were kept for nuirlent upleke siudles. All

the plants ip tho dov, Sth ond 8tk rove ae well as reanine-
ing plents in the st and S5th columnn were kept s border

plents.



Fig-1. LAY OUT PLAN

T AT R D

Teazkhiienta. 5.
He.. tda nitragen.

Ha. acug Nank.
Replicakions_ B,

Ni. t0g N/Plank,
Hoo 200g.N/Benk.
Mo mooq.W/Plont,

Pist Sige. 1G.65% 17.04 saam.
Spacing . 2.1% m2

coo Border plants.
wmen Sampling plants.
soo chgervetiona plents,

" bo.of plants per plob: 40,

RO ‘
s | Az Tt T4 Tio
—
R.IL
fie | T2 | T | T Tis

TY
@*UDO [+]
O X X O
* OX XX 0
o0 Lo
Tt 7o N2 ns ceo oo
oCc e @9
ceeo dg
_J goo oo
! R.IG
Tiz iz Tio T Yis-
B®.I
Tio iz Tig- 131 Yia L




Treatnicnts

g - Control

n, =« liltrogen at the rate of 100 g per plant.
D, ~ Hitrogen at the rate of 200 g per plant.
m3 - Hitrogen at the rate of 300 g per plent.
n, - Nitrogen at the rate of 400 g per plant.

Hitrogen waa given in the form of ammonium sulphate.
Phosphorus and potassiun were applied at the rate of
200 g ?205 end 400 g KEO poer plant in the form of super-
phosphate and muriate of potash, respectively. The re-
conmendations of Kerala Agriculibural University for irri-
gated bananae was taken as a bagis for fixing the doses
of P205 and KQO in the zbsence of any recommendaticns for
rainfed bananes. All the fertilizers were applied in two
sgual gplits on the %0th and 150th day of planting,

takingz advantage of. summer and pre-nonsoon shovwerg.

CHEERVATIONS
1. HOHPHOLOGICAL CHARACTERS

Obgservations on various morphological characiers were
recorded at monthly intervals from 120th day of planting
t0 shooting adopting the method suggosted by Yang and
Pao (1962).

1.1, Plant cheracters

1.1.1. Hedgnt
The height of the plant was meagsured from ‘the base
of the pseudoslten o the axil of the youngest leaf and

recorded in ca.
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1.1.2. Girth

Girth of the peeudosten wap meapured at 20 en {rom

the ground level. P

1.1.3, Hunber of leaves

Fully opened, functional leeves present st each

observation wvere countod.

Teleds ?e@;ple_;engtﬁ

Length of the peltiole was measured from the pseudosten
to the baege of the lamina,

1e1e5. lLength of lomina

Lomina length was neasured fron 11s base to the tip.

Te1e6. Hidth of lemina

Laninn width was measured at the breoadest point in
the middle region,

1.1¢7+ Total leaf ares ner plent

The leaf area of esch funciional leaf wap caloulated
by the formula given by Hurray.(1960) (Leaf area » length x
breadth x 0.8).

1.1.8, Duration of .the crop

The nuaber of days tzken for shooting and from shoot-
ing to narvest were reoocrded. From these, the total

nunbar of days from planting to harvest were zlse computed.



1.7.9. Sucker production

The nunber of suckers per plent was recorded as and
when they vere produced, IHowever, the suckers were not
allowed until shooting. Afteﬂfgmergenee of inflorescence

one sucker per plant was retained,

1.2. Growth curves and assessaent of relative growth
rate of different plont characters

t. whore

‘Exponential growth curves of the form Y = ab
Y = the Abservation. a end b are parameters to be estimnted
and t = time interval, were fitted for the plant cheracters
height, girth, petiole length and total leaf area per pleni.
The relative growth rates for the different choracters wvere
estimated from the fitted curves. A quadratic function of
the form of T = & + bt + ¢t wac fitted (a, b ﬁnd ¢ are the
constants of the curfeu) to degcribe the changes in the
nunber of leavep during the.different poriode of growth and
development as the growih patiern was found to devié%e froa

the exponential lav,
1.%. Bunch charactors

The bunches were harvestied when they were fully mature
as indicated by the disappearance of angles, ihat is "round
full” (Simmcnds, 1959). The following observaiions were

maede on the bunches.
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1.3.1. Hoight of the bunch

Weigat of the bunch including the peduncle wae

recorded,

1e3+2. Longih of the bunch

Length of the bunch wes measured fron the point of
attaghment of the first hond to thet of the lsot hande

1237 Nuamber of hauds gnd fincera

Tho nusber of nands per tunch and the toial nuzber

of fingere in each bunch were recorded,

1eJe4e Average weight of o hond

Height of each hand on & bunch wes recorded and the

gean volue ¢alculnted.

1e3e5e Average weirnt of B finger
The middle fruit in the top row of the second hend

(from the bace of the bunch) was selectsd as the repro-

aentatrvé Tinger (Gottreich et al., 19564) for finding
out the avaerage weight, girih end longth of the fingers.
The weight of this prepresentative finger was recorded as
the averaze welght of a finger.

TeBebe Girth and length of the fLinger

Gilrth of the finger wog meaeured ot tho aid-portion
end the length from the peint of attachmesnt to the tip,
ueing 8 fine threasd and & scale.



2. STUDIES ON NUTRIENT UPTAKE AND DRY MATTER PRODUCTION

To assess the nutrient uptake, plant samples were
collected at monthly intervals from Sth momth of planting
to‘sﬁoating and also at hervegt. Sampling wae done
following the method of Twyford and Walmsley (1973). In
each month, one plani wae uprooted from each treatment’
replicationwise and separated into different plant-parts,
excluding roots. Sampling of the plant-parts was done
as ghown in plate I,

‘The total fresh weight of the different plant-parts
wag recorded, Samples were weighed fresh end dried in
the oven at 70°C until consecutive weights agreed. The
per centege of oven dry matter and the total dry weight
of-tﬁe vhole part were worked out, After grinding, the
gsemples were analysed separately for N, P end X. Total
uptake and distribution of nutrients were computed from
the values of comcentration of elements and the dry

weight of the individual organs sempled.



PLATE 1. SAMPLING TECINIQUES FOI BANAITA

1. Internal leaf

2. Leaf

3. Petiole

4. Pseudeosten

5. leristenm

6. Cora

7. Inflorescence

8. Hbale bud

9. Internal fruiti stalk
10, Ixternal fruit stalk

11, PFingers



A bonong plant

PLATE 1. SAMPLING TECHNIQUES
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Saapling of different orgone

Period of sampling Orgens ssmpled
4 14 5th month Corm, meristem, pseudosten,
¢ petiole, leminne and inter-
g nal lsaf.
Vezeta- 4§ 2+ 6th month Corm, meristexm, pseudosten,
€ 0 petiole, leminse end inter-
tive Q- nel leaf
phaee 0 . *
¢ 3. 7th month Cora, pseudosten, petiole,
8 lzainae apd internal leaf.
8 4., 8th oonth Cora, pseudostiez, petiole,
laminso, internal leaf
8 and infloregcence,

. ¢ 5. 9th month Cora, pseudoatem, petiols,
Shooting { (at the first lominae, internal leaf and
phase b appearance of inflorescence,

) the flower) ' .
6. Harvest Cora, pseudostem, petiole,

loninse, internal stalk,
external atalk, fruits
and gale bud.

Each part was weigned and sampled as given belows-

2.1. Internal leaf

- The whole tissue.

2.2, Emergad leavea

Cross seotions of 2,5 cm including both laainae ond
aidribs from the middle portion of all leaves were bulked
end ssmpled.
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1
|

1

2.3+ Retjolea

Croea ssctions of 2.5 cm from the middle portion of
all petioiea’were taken, bulked ond eémpleﬂ.
2ede Poeudosten
Two' erose: sections of 2.5 ca from near the top and
neer the base were isken and split into halves longitudinally,

* One half from/each section was taken, pooled and sampled.
2.5. Merioten

Several thin crose-sections of the moristen (érowing '

point of the corm) wers tcken and sampled.
2.6, Cora,
|
As for meristem.

2.7. Inflorescence | \

Thefinrlorenoence was cud longitudinelly snd & minimum
of one fourth of it vas bulked, "

2.3- uﬁl‘fhuﬂ

The mele buds were pruned eoon after the oompietion
ot»bunch rormation. leaving & 15 ca length of barren axie.
The male bud at this stage wae separated, qpartere& end
gamples frua the diagonally opposite quarter eeotors vere

pooled,
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2.9, Internel fruit stalk

Transvérse sections from the point near the top wmiddle and

near the base wers teken and combined.
2,10, Externsl fruit stalk ‘

Three trzneverse sections were made ~ one near. the
point of emeégencé from the pseudostem, one from near the
bunch portion and one from neoar the male bud., Thoee were

bulked and sampled for chenical enalysie.

«

2. 1 1 . Fg}g&l‘
The middle finger from one hand each et the top,
niddle and bottom of the bunch was bulked.

3« LEAF AHAIYSIS
S0 o = In oorder to essess the nutrient é%atua
of the planis under different treataents at ghooting, the

leaf analjaie techinique as adopted by Hewitt (1955) wao
followed, ‘

!

The ‘croes sections of 2.5 ca including both lamina
aﬁd midribs from the middle portion of the third leaf were
taken for chemiocal amalysis. The semples were analysed
for K, P ond X. |
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4, CHEMICAL ANALYSIS

4.#. Plant paris

4e1.1. Hitrogen

Nitrogen content of the plant sample was estimated
by amicroKjeldenl Gigestion-distilletlion method (A.0.A.C., 1360).

4+.1.2. Phosphorus

'Gne g of the ground sample was digested in 15 8l of &
mixture of concentrated perchloric scidssulphuric acid:
nitric ac;ﬁ in the proportion of 131219 ard the volume made
upto 100 él with diotilled water and {iltered. Fhosphorus
iv on sligquot of this extract was determined coloriastri-
cally using venadomolyidophosphoric yeilow colour method
(Jaokson.?1998). |

4143+ Potassiun

Potaseiun in an aliquot of the triple asoid exiract of
the sample wag deltermined using 8 fleme photometer
(dJackson, 1958).

4,2, Qualitative analysip of fruits

The fruits collected from well ripe bunchen were used
for quelity analysis. The middle fruit in the top row of

the second hand vas selected as the representative saample,
Sample o were taken from each fruit from three poriions
viz., top, middle and botiom end these samploe vere ‘then
pooled and macerated in 2 waring blender. Triplicate
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samples from this were used for analyesis of different

constituents as detaliled below.

4.2.,1, Total soluble solids

Totial soluble molids were found out by & pocket

refractoneter and were expresesd as percentage.

4e2e24 Ascorﬁic acld

A énoun quantiiy of the pooled cample of the fruit
vas macerated in a moriar by adding amell quantity of two
per cent oxalic acid. The solution was made upto a known
volune and £iltered. An aliquot of the extract was taken
to which an equal volume of two per cent oxelic acid was
added, The content wae tiirated ageinet a siandard
.solution of 2,6-dichlorophonol indophenol dye. The
aecorbic ecid content of the juice wes then celculoted

ond expressed 2n mg/100 g of the pulp (A.C.A.C., 1960).

402,3. Acidity

Ten g of the macercted samplc wae nixed with dio-
tilled water and made upto B known volume. An aliquot
of the filiered solution waes titrated againet 0.1 X
sodium hydroxide using phenolphthalein as indicator.
The acidity was exprecsed as por_ceniage of oitric acid
(As0uAsCoy 1960, o .
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4.2.4. Raduoing sugars

The reducing sugers of itne sample wore deterained
Bs per the method described by A.0.A.C. (1960).

3

To & known quantity of macerated pulp, & masll
quantity of distilled water was added. The solution
after thorough mizing was clarified with neutral lesd
acetate and'deleaded vith zodium oxalate ond made upto
8 known volume, Tine solution wae titraféd aga1nst a
mixture of Fehlings A ond B solutions using methylene
blue as indicator. The content of reducing sugera wap

exprogsed oo percentage.

442050 fFO tal gugars

Total sugars were deterained ae per the method dems=
eribed by A.0.A.C. (1960)., Five ml of oonctntiafcd
hydrochloric =cid wa=s added to a known volume of clari-
fied aolution and the content was kepi overnight, The
solution was then neutralised by addimg sodiun h&d;oxide
and titrated againet a nixture of Fehling's A aﬁd B

solutions.

49245, ﬁnn-raduc;ng suger

This wes computed n} working out the difference
betveen the totcl and reducing sugars.




4.2.7. Suger/ecid ratio

This was arrived at by aividing the totel sugers
with titraté noidity end thie was reckoned e & measure

of fruit qualiiy.
5. STATISTICAL ABALYSIS

The data collected on different plent qharact§ra
wvere anslyced by applying the techniques suggested by
Snedecor and Cochran {1967). Effect of mitrogen on
various plant cnsracters, dry unatier accumulation and
nutrient uptake was studied by employing the snelysie .
of veriance technigue. Exponentisl growth curves wore
£itted for height, girth, petiole length and leaf area
tb ﬁesuribe the pattiern of growith at differont per;oda
of growih and developmenti of ihe plent. The relative
growth rate wes eslinated from the fitted curves. :A

quadratic funotion wao fitted %o deccribe the chengba
in the nuaber of leaves at different intorvels of time.

5¢1. Responce curve and estimation of optimus dose
of niitrogen y '

A réeponae curve of the fora ¥ = a + bH + cnaf
(where a, b, ¢ are conetent and Y = mean yield/plant,
¥ = dose of nitrogon/plent) was fitted to £ind ocul tae
optimun dose eof nitrogen. Tie optimum does was calculated
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from the foraula N = =b ., . The economic opitimun wap
opt 2c

estimated by using foraula N  q/p-b where q = price
ccon " 9g

of 1 kg of input end p = price of 1 kg of output. The
values of q and p were token o be 4 rupees and 80 paiso

respectivoly.




/@44/@5
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REGULTS

The results of the different aspects of investigetions

 are presentad under the following sections.
1. BPFECT OF NITHOGEN ON CHOWIH PARAMETERS

1.1« Heiuhi of pseudosien

Datz on the mesn helght of plants from 4th to 9th

month {sheooting) of planiing are furniched in Table 2.

It may be amoen that in the initial siage of growth
le€s, in the 4%n gonth after planting there was no signi-
ficont difference in the increase in height of the pseudo=~
stens of plents under different treatmenis. FProm the 5th
month onwards, however, there was significent increanse in
the heighit of the poeudosten with increasing levels of
nitrogen upito shooting (9th month) exespt im Tth and Bth
monihs, During Tth and 8th months the dose of 300 g N/plant
resulted in moximum height.

1e2¢ Girth of poeudostien

Data presgented in Table 3 represent the girth of the i

pseudosien under different troatmentis. |

The resulis showed that there was no siznificaut
difference between different treatments in the increapge in
girth of pascudonten during the 4th nonth., But the effect
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Table 2. Effect of nitrogen on plant heigat at different
periotis of growth, c¢a.

1evele of | Perliode, months after planting

nitrogen,

g/plont . 4%h Sth 6tn Tth B8th 9th

0 56,91 65.98 96,98 144.30 178,27 188.45

100 5498 T75.11T 102.07 161.86 199,56 205,22
200 55.46 B86.16 113,64 163.84 198.82 207.67
700 58,06 85,20 112.66 174,48 207.11 208.29
400 57.66 90,13 114,40 167.38 203,45 210.67

C.D (58) NS 11.11 11,38 14.19 9.74 10.42
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Table 3. Effect of nitrogen on plent girth at different
periods of growth, cm

Levels of Periods, montne cfter planting

nitlrogen,

&/plant 4th St 6th Tt Sta 9t

o 20.29 24.61 31,45 43,93 50.29 5229

100 20,20 25,62 32.42 44,74 50,31 5595
200 20,64 26,70 34,80 44,92 50,93 57 .02
300 20,16 27,15 35,22 47.25 51.94 56.64
400 21,36 27.7T9 3527 4537 52.89° 56,12

C.D (58) us 2,04 2,97 HE ES 2,29

Ska + 0.54 0.68 099 0.74 0.81 0.76
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of nitrogen was eignificant during 5Sth, 6th end 9th monthe
of plenting. The highest lovel of nitrogem recorded the
maximun girth during the S5th and 6th month of plenting.

. But at shooting (9th month) the meximum girth wes noticed

in ireataent with nitrogen at 200 g/plant,

1.3, Hunber of functional lesves

Date on the total nunber of functionsl leavee per
plant at various stages of growth under the different

tregatnents are presented in Table 4.

The treetaents did not show eny significent effect on
the nusber of functional leaves excep’ in Sth and 6ih monihs.
During the S5th aounth, Iy and n, showed e;gniﬁczmtlj higher
leaf number compared te n, (control) and in the 6th month a
sinilar effect was noticed at the higher threo levels of
nitrogen.

1.4, Length of petiole

The data on potiole length under the different treat-
menis cshowed that there was no significant effeot of the
lavele of nitrogen on the lengih of the poilole during the
4th and 7th months of plenting (Table 5). In the other
Rontno, tpe-highen’a level of nitrogen recorded the meximun
length; end the control the minimuz.
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Table 4. Effect of nitrogen on nuaber of functional leaves
at diffcrent periocde of growth.

Levels of ‘ Porilods, months after planiting
nitrogen, .
g/plant !
4th 5th 6th 7th 8th 9th
0 6,00 8,80 11.71 10,91  S.44 9,67
' 100 6.69 9.71 12073 10-99 9089 9.69
| 200 671 1013 13.40 11.21  9.82  9.80
| 300 6,98 10,75 13,75 1135 10,17  9.36
400 6.86 11.13 14,97 10.89 10,27 10,11
CeD (5%) 1S 1¢34 1.43 NS Hs s

SEn 4+ 0.48 0445 De48 0e23 0.20 0423
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Table 5, Eifect of nitrogen on petiole length at different
periods of growih, ca

i e

Lovele of Periods, nonths after planting
nitrogen,.
g/plent
4th 5th Gth Tth #th Sth
0 16.01 19,76 23,562 30,63 31.65 34,20

. 100 16e71 20037 24.58 51i79 33520 37-29

200 16,60 22,08 26,35 32,70 34.44  37.44

300 16.33 2%,01 28403 53.46 34.60 37.76

400 16.98 23.87T 28.80 35424 34.9% 59,00
CoD (5%) NS 2.42 3,17 WS 1462 2465
SEn ¢ 0.81 1.00 093 0.54 0,88

0.79
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1¢5. Total leaf area

- Date on total leaf area from 4th to Jth months of
planting ere given in Table 6, It ie evident thet the
leaf area was not affected significantly by the different
levals of n}trogen except in the 7Tth month; Howeveé.
thérée was significant increape of leaf area at 100 g N/
plant at Tth nonth,

1.6+ Bffect of nitrozen on relative growth rate for |
different morphological charactoers

. i

~ Data on the relative growth rate for different morpho-
logical characteres viz., plent height, girth of pseudosten,
petiole length and totzl leaf area under different levels

of nitrogen are presented in Table 7 (Pig. 2).

The results chowved that the level of 100 g K/plant
(n,) recorded the maximun relative growth rate for héight,
petiole lengih and total leaf area while the highest level
registersd the minimum growih rate for all the morph§1031031
characters roferred. In the case of girth of the pseudosten,
the relatiive growth rate was maximug at the level of
3600 g K/plent.

1.7« Grouwth curves of different plaent characters

The growih curves fitted for different plent ohéractera

under vorying ilevels of nilrogen sre prescnted in Table 8
(Figs. 3 to 1).
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Table 7. Effect of nitrogen on relastive growiih rate

W O s i

b s e e Wy CE N A e S Y G S A S O

Reletive growth rate

- - e . W T G i g T W W e da v el S i ST e by e el W S - 4On U S ek O i e

Levels of
nitrogen,
g&/plant Helght
0 0.268
160 0.285
200 0.271
300 0.271

4G0 0.266

e o - - o L]

Petiole
length

Total
leaf area

0,466
0.476
0.470
0,461

gy B X



Table é. Growth curves of different plant characters

- i i up S

50

Charaoter f;?g;ggegf Fquation deteraination (&),
g/plent %

Height 0 ¥ = 19,08 0208 x 83
100 Y = 18,60 ¢9+285 X 89
200 Y a 21,37 o0-271 % 89
300 Y a 21,80 20271 X 86
400 Y w 22,63 ¢0+266 Z 89

Girth 0 Y= g,15 e0+206 % 92
100 Y a 9,26 0207 x 93
200 Y= 9,55 e0+208 X 96
300 Y a 0,42 o0-212 X g2
400 Y = 10,21 e7+201 x 94

et 0 Ya s o2
100 Y= 9,06 ¢°°'0% X 95
200 Y = 9,59 0°101 X 92
300 Y a 9,84 00160 % 88
400 Y = 10,34 o0+156 X 97

Total loof 0 Y = .2293.4 60+460 X 77
100 Y = 2661.1 ¢004%6 X 66
200 Y = 2501.1 00470 x 80
300 Y = 2662,1 ¢0+401 x 76
400 Y = 2602.8 o0+476 x 76

fgﬂsgg of 0 Y a =12.19 + 6.68 x =0.48 %% = 80
100 Y o ~16.25 + 8,26 x -0.60 x° 79

. 200 Y m ~17.33 + 8,60 x -0.64 x° 68

300 Y = ~19.36 + 9,58 x ~0.72 x° 78
400 Y = -19.44 + 9.64 x ~0.72 x° 61
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Fig-4. EXPONENTIAL GROWTH CURVE FOR GIRTH

GIRTH , CM.

- Bk d

6%,

€0

50-

45

35 4

\ G -l7
PERIOD, MONTHS

®1

O



PETIOLE LENGTH, CM.

Fig-5. EXPONENTIAL GROWTH CURVE FOR PETIOLE LEN(ii-i

44
1
42 4

40 ,

38 4

§

32

26
24,
a2
20
18
16
14

12 )

10

N S T

4 5 6 'r
PERIOD , MONTHS

-
D1






Fig-7. EXPONENTIAL GROWTRCURVE FOR NUMBER OF LEAVES

NUMBER OF LEAVES.

13.0.,
12:0 4
1.6
10.0
8.0
£8.0]
omm e NO
¥.0 st M4
seereenn N2
§ e NS
o— —s N¢
&0
OT 7 — T ¥
4 5 & 3 8

PERIOD ; MONTHS

‘04



51

| Exponentiel growih curves were fitted fox describing
the variaztions in plant height, girth, petiole lengih and
total leaf aream. Quadratic curves vere filted for assess-
ing the varietions in the numbsr of leavea, All the curves
were found to fit the data satisfactorily. 4As rogerds to
plent heignt, the co-efficient of deteraination mnged' Lrom
83 to 89 but for girth it renged from 92 o 96, In the
case of petlole length and total leaf sren, the co—-efficicnt
of deteraination ranged from 88 to 97 and 68 to 80 respe-
ctively. ‘Ao regards to the nunbor of leaves, the co=afficient
of determinution reuged from 61 %o 80, Thus the meximua
values wers noted in the cage of plant girth and petiole

length,

1.8. Plowerinzg duration and fruit maturiiy

Datn pertaining to the nuabsr of -deys from planting to

ehcoting, from shooting to harvest and from i:lanting %o

hervest of the ocrop are givean in Fabls 9,

The &ata do not .rweal any eignificent differences
eaong the treatments with regard to the duration from plant~
ing to shooting., However, the earliest shooting (250.2 daye)
was noticed in the treatament réceivmg' nitrogen at 300 g/plant
ae agajinat 271,7 deys in the case of 400 g N/plant.

T
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Table 9. Effect of nitrogen on the duramtion of.the crop

Lt - L L] L 4 ] - -

Juration, dega

Ievels of
nltrogeon, , .
Planting to Shooting to Planting to
g/plent shcoting harvest harvest
0 268.4 95,2 363,6

100 265.3 90.1 355.4
200 260,9 103.0 37065
300 260,2 102.4 362,06
400 271.7 1132.7 38544
CeD (58) §S 12,01 18.99

Table 10, Effect of nitrogen on production of suckers

at shooting
levels of Suckers at
nitrogen, shooting
g/plant
0 1.47
100 . 1.53
200 1.75
200 1.56
400 1.47
GC.D (5%) HS

D o (5P G (TR DT ) G - G -
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In recpect of the duration froa shooting to hervest
't;hére wap signifiemnt difference cmong the treataento.
It was least in ny (100 g H/plant) end aaximun at the
higheat level ot'ni'&rogen (400 g H/plant).

The duration from plonting o harveet ws algnificently
influenced by the various treatments. The treataent n,
shoved significzntly longer duration than Nee D4 and :13
which were on par with Lige There was no significant di-

fference beiween n, and 4.

1.9, Sucker production

Pata on the effeot of different levels of nitrogen on
sucker produotion are furnisched in Table 10. The data
ehowed that there was no significent difference in the num-
ber of suckers produced at shooting due to di:rerent levels
of nitrogen, although apparently the maxiaun nuaber of .
suckers per plant wes observed in the treatment Ny whiech
received 200 gz H/plant.

2. BUNCH CHARACTERS

The déta relating to ihe variocus bunch characters as
influenced by differeni levels of nitrogen sre presented
in Table 11,



Tablie 11. Effect of nitroger on bunch characters

-y

Leveis of VWelght of Tongth of Nuaber of Weight iunber of Jength Girth of Weight
;g;li’.;{glg]cén, ~ bunch, kg -bun.ch, (yin) %ﬁg‘gl g;f hand, ~fingere ggr:’fn;g ggnger. gﬁrfig- )
0 .71 45.40 11.27 59220 174.76 13.17 890 57.89
100 10.606 4637 1.77 716.80 175.20 13.29 10.23 65.56
200 11.09 47,17 11.23 731.40 187.32 13.42 10,556 69.12
300 11.03 43420 11.21 744080 178.38 13.51 10.23 63.87
400 10.60 48,59 11.6% £95.40 184,63 13.62“ 10,955 6?.9?_-
C.D (5%) 0,92 NS us ns s NS CeB3 6.20
Sim + 0.31 1416 C.23 31.74 5048 0.39 Ce.28 2407

- - -

5



2:1. Wolght of bunch

Significani difference wap observed beiween the treat-
ments with respoect to bunch weight (Table 11, Fig. 8). The
yield per plant obtained in the treatments Dz n, and ny wos.
on par. These thres levels were significemily superior to
control., No gigniticant difference wee noticed between n,

and conirol.

202. I!Bngth of QEIICII

Eventhough & linear increege in mean lengih of bunches
wvas noviced with increapsed levele of nitrogen eapplication,

the differences wore not statistically significant,

2.3+ Hunber of hende per bunch

Data on mean number of hands per bunch ehowed that the
effects due to niirogen application was not signifiocant.
However, the maximum nunber of hands was noted in the higheat

level of niitrogen application (400 g Hfpleni).

2e4s YHeirht of hand

The maxinun weight of hond wap recorded in the treaiment
N3, followed by Dy and the minimum in the conirol. Ilowever,

the differences amongz the trestments were not significent.
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2¢5. Numbor of finsers

The nunber of fingers per bunch shﬁwed no significent
varietion due to the different 1evela of nitrogen. The
maxjmum number of fingers wae noteé-in the treatzent n,
followed by n, ard the lowest puabsr wae recorded in' the

control.

2.6, Iength of finger

The length of the finger was 8leo nol influenced by
different levsele of nitrogsn. The mesn values ranged froa
13,17 ca (ng) to 13.81 (a,). |

2.7« Girth of finger

Jata on the mean girth of finger showed tha£ fhe offectis
“due to nitrogen application were significsnt., Highest girth
of the finger éaa recorded in the treaiment n, folloﬁed by
n, end the aminimun in the control. This represented an in-
crease of 18,7 per cent in n, and 16.3 per cent in n, res-

pectively as compared to the control.

2.8, Weight of finger

1n.reapeo£ of weicht of finger also there wag signi~
ficant increage among the various iremtasnts. All the levels
of nitrogen were signifiocamtly superior to control. The
mexinun finger weight was obtained in treatment'né (65.12 g)




57

followed by B, (68.87 g) which were 19.4 and 19 per cent

higher then conirol, reepectively.

Fe FRUIT GILARACTERS
Data relating to the physical charactors of the fruit
are furanished in Table 12.

2.7, Woieht of fruit

The diiferent levels of nitrogen =zhowed significent
differences with regard 1o weight of fruit. All toe treat-
ménts except n, ehowed significant increspe over the control.
There uée no significant differences among the other levels
of nitrogen. The higheet fruit welghti was recorded in ne
(61,14 g) followed by n, (61.081g) whercas the winimun
value wag regiestered in control (350.57 g).

B.20 Heleht of pulp

While the weight of the pulp in the various treatments
was elgnificantly supericr to the control, the various
levels of nitrogen did no% produce significaent diffcrence
batween themselves. The welght of pulp ranged from 35.63 g
in By 10 44,84 g in Do

e3¢ Height of peel

The data precented in Toble 12 showsd thet the weight
of peel was not affected by the treaiments alihougzh maximum
value wos noted in nq followed by n, end the leant in Dge
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Table 12. BEffect of nitrogen on fruit -cheractors

-y e b e

Levele of Weight of VWeight of Weight of pulp/peel
Eﬁgigﬁgn, fruit, g pulp, & pael, g ratio
0 50457 35.6% 15436 2,56
100 61,14  44.47 16.76 2,75
200 61.07 44 .84 15,77 294
300 60,11 43,02 15,38 2495
400 55494 41,73 15.10 2,77
C.D (5%) 7.79 575 NS NS,

SEa + 2.60 1.92 0.89

A G (e dnh win- MO0 A e e enp W wl - A ol S S O A O
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3.4. Pulp/peel ratio

Thé pulp/peel ratiae did not vary significently due o
the different 1évels of nitrogen. The maximum value wag
noted in By (2,95) followed by n, (2.94) end the least in
control (2.58).

4, EFFECT OF HITROGEN ON FRUIT QUALITY

Data on the vaorious qualitative characters of the
fruite as affected by differont treatzents are presented
in Table 1%,

4.7 Total soluble solids

Eventhouzh there was an increaee in T.5.5. content as
the niitrogen level increased upto 200 g/plont (na) there
wag @ decreage with further increasces in the level of applied
nitrogen. The treatment n, racorded tho highest T.S5.8. of
26.06% poer centi, whioh wae 5.2 por cent higher than conirol.

4.2, Reducing sugars

Data on ithe reducing suger content of the fruites showed
that the effects due o differeni levela of nitrogenlwere
significent., The treatment N, registered the highest per-
'centage of reducing sugars (17.0% per ceni) followed by
ny (16.94 per cent).



Table 13, Effect of nitrogen on fruit quality

P e ey S O e W

lovels of Total Heducing Hon~reduc~ Yotal Sugar/ Acidity, $ Ascorbic

Siplos”  olite, g CuEerF  ing ougir, & ougire, £ ool 26/100 &
0 25431 14.87 0.94 15.81 30,01 0653 Te41
100 26,08 1535 0.50 15.85 31.55 0.50 TT9
200 26.63% 17.03 Ce14 1717 3751 0.46 7.81
300 26.42 16,94 0.29 17.23 5417 0.49 9.27
460 26.01 16.72 0432 17.04 3556 0e51 8404
C.D (%) 0.66 1.07 0436 0e94 391 BS . ug
Sin % 0,22 036 Q12 0e32 130 0402 0.48

W i s S e S G W= G G e -
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.4.3. Kon=reducing sugar

The treaitments receiving different levels of nitrogen
differed significantly in respect of non-raduc;ng suger.,
ifhe ireataent n, recorded the higheet content of non=-reduc-
ing eugear which was significantly superior to all other
treatnents. The minimum non=reducing suger content Qas

obmerved in n, (.14 per cent).

4e4. Total sugarg

Increased levels of nlirogenm application incrcased the
content of totél pugars upto 300 g N as evident from the
data., The highept suger content was observed in ircaiment
Ny (17.23 pér cent) followed by p {17.17 per cent) and the
lowest in control (15.51 per cont). The treataents Doy Ty
and n, wore significantly superior to ng anpd ny which were

on pala.

4.5. Sugar/acid rotio

Highly significant differencog were obgerved in eugar/
acid ratio due to tremtmentz, The highest value of sugar/
acid ratio wes recorded in n, (37.51) followed by By (30.01).

Thore was no significont differences among o Ny and By..

4.6. Aeidigﬂ

The lowest meldity was noted in n, (0.46 per cent)
and the highest in control (0.953 per cent). However, the
difforences between treatzents were not siatistically signi-
ficant.
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4.,7. Ascorbic sold

Ascorbic acid content of the fruiis did not show eigni-
ficant variation due to treatmenis which ranged from. -
0,27 ng/100 g (ns) to 7.41 mg/100 g (no).

S« HUTRIEHT STATUS AND DRY MATTER CORTERT OF PLATING
NATERIALS (SUCKERS)
- The dry matter end NPK content of the corm and peeudo-
sten of euckers before plenting were anelysed and the data
are furnished in Appendix XI. |

While pseudosten conteined high amounts of nutrients
the total dry matter aocumuiation was coamparatively éaximum

in the corm,

6. DRY MATTER PRODUCTION

6.1+ Effect of nitrogen on totsl dry matter production

The data on the totel dry matier production at diffe~-
ront stages of growth and st different levels of nitrogen
are presented in Table 14 (Fige. 10). '

It will be peen from the table that in general the
total dry matier content increased with .increasing nitrogen
levele, In ell stages of growth, the highest level of nitrogen
recording meximum total dry metter production. The effect of
levels of nitrogen on the totzl dry mattier production is thus
evident, During the early vegetative phaepe i.e., bétween




Table 14. Effect of nitrogen on totsl dry matter production, g/plent

Period, month of sampling

levels of
nitrogen,
&/plant 5th 6th Tta 8th 9th Harvest
0 435.4 722.0 1505.7 2860, 2 422741 4589.5
(65.84)  (108.53)  (89.96) (47.78) (8.57)
100 47T1.1 817.9 1652.5 3044.9 45823 5017.9
(73.01) (102,04) (84.26) (50.49) (9.51)
200 466.2 970.3 2014.8 3371.3 4947 .8 5190.2
{10%3.08) (107.64) (67.33) (46.76) (4.90)
300 5531 " 1108,2 2064.2 3495.5 5325¢3 5577.9
- (100.36) (86.27) (69.34) (52.34) (4.74)
400 603,2 1195.1 2429,2 3981.1 5703.9 5378.8
(98.13) (103.26) (38.98) (43.27) (3.06)
C.D (5%) 72.6 160.9 206.4 347 .4 628.3 413.7

Hote: The figures in parenthesis indicate the rate of increage in
dry matter production at each time inierval,#

€9




Fig-10. EFFECT OF NITROGEN ON TOTAL Fig-1.EFFECT OF NITROGEN ON
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5th end 6th month the rate of increage in dry matter was
however, highest with 200 g Y¥/plant.

Ap the plants advanced in age the totsl dry matter
pi'ogreasively increaged, irrespoctive of the t.reatmeﬁta.
The rate of :Lnereaeé varied with the stoge of plant growih
and with the levels of nitrogen., Naximua rate of dx',y matter
production wae seen du;‘ing the 7th month (a mean J.ncfeaae
'of 101.55 per cent over the previous period), afier which
the rate’gradually declined reaching the minimun (6.16 per
cent towards hervest). It wes interecting to noie thet in
ihe control and in the lower level of nitrogen (n,) the rate
of lncrease in Ary gattior between ahéo'limg and harvest was
higher than the other levels. T

6.2, Distribution of dry matter wiithin the plant mt
different periods of sgrowih '

The dry we:lght‘ of various orgons et different periods
of growth as influenced by varioue levels of nitrogen are
given in Tables 15a and b and their mean values sunnarised
in Teble 15¢. The data ravealed that the levels of n:nrogm
&nd the stages of plant growth influenced the dry matter
‘accupulation in various plant parts. In the vegetative phase
(S5th, 6th, 7th and 8th months) maximum dry matter eaccumule-
tion was noticed in laminae followed hy pseudostem, corm,
petiole, internal leaf end meristem. During ehootmg also



Teble 15z, Effoct of nitrogen on dry matter content of different
organe at different siages of plant growth, g/plant

levels Month Orgens
A
B3LrOgon, S0OPL=  Gorm Meri- Ppeudo- Petlole Iaainae Intere
g/plant  ing sten sten nal
leaf
Sth 130,8 1,80 1023 19.1 17541 6426
6th 175.8 1,06 2002 40,7 500.5 2482
0 7th 336.4 - ‘55.0 101.6 610.1 2.57
S8th 51903 - 83709 138.9 1168.7 2.30
9th 742.6 - 1220.9 17602 152703 -
Harveat 231,5 - 81207. 103.6 101507, -
S5th 135.3 2.47 103,.2 19.7 203.4 T7.09
6th 223,06 1433 . 229,2 43.8 31642 3484
100 7th 320.2 - 500.0 105.2 T72%5.8 3.16
Bth 523.1 - 870.3 15307 1284.6 2.73
HBZ‘VBBt 255.1 - 898-6 117.0 1082.1 ' -
oth 122,6 2,96 107.5 20,6 2037 8,13
b6th 223.8 1,56 267.0 5600 416,2 SeT7
200 7th 34106 - 605.7 12407 940.0 2085
8th 531.5 - 976.0 170.9 1‘16.6 '2063
gth 84103 - 1346.4 217.1 190409 -
Harveat 298,2 - 94044 124.1 1032.8 -
5th 16244 4.68 11%.5 21.6 240.6 10,38
6th 275.8 1.48 20242 64.4 47843 6.08
300 Tth 35245 - 61849 125.,0 964 .1 3e75
gth 671.7 - 994.9 180.6 1413.3 3054
9th 99009 - 137009 23802 2062.5 -
Harvest 355.9 - 109143 130.9 1253.,7 -
5th 172.6 5.15 124.5 2543 264,0 11,64
6th 299,6 1.75 292.9 62.4. 530.8 7.76
400 -Tth - 49105 - 7071 12704 109902 ,4.02
8th 746.2 - 11105 154.4 1676.2 4,14
9th 1000.8 - 1514.0 241.5 2253,9 -
Herveat 364.9 - 1214.,0 158.0

1469.2 -
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able 15b, Effect of levele of nitrogen on dry matter conient of
different organg at different eiages of plant growth,

g/plant
) Orgens )
avels donth of
£ sanpling o
Ltrogen, Inflore=- Inter- Exter- Frult Hale
/plant scence nal nal bud
stallk stalk

ath 193.1 - - - -

o 3th 35077 25245 - - -
Harvest - 177.6 109.7 2078.7 60,0
8th 210.4 - - - -

100 9th 320,8 27943 - - -
: Harvest - ' 182,.8 124,.9 2258.6 68,9

8th 213.7 - - - -

200 9th 325.,9 212, 1 - - -
Harvegt - 200.,0 136¢7 2333.2 64.9

8ih 231.5 - - - -

300 9th - 34843 314.5 - - -
Harvest - 240.,2 127.8 2311.5 66.6

8th 259.6 - - - -

400 9th 36642 327.5 - - -
' llarvent - 243,2 129-9 22%4.7 6407

* The male buds wers pruncd when the bunch formation
wag completed.
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accuzulation of dry matter wes maximum in