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INTRODUCTION

India at present occupies the second position in the 
world for production of banana with its cultivation in 
more than two lakh hectares (Anon* 1930)* Banana In India 
is now grown under varying soil and seasonal conditions, 
exploiting the wide variability existing in the crop* Th© 
chief banana growing States in the country are Kerala,
Tamil Nadu, Maharashtra, Andhra Pradesh, Karnataka, Orissa, 
Bihar and West Bengal. Of the total area under cultivation,
54 per cent is being ohared by Kerala, Tamil Nadu end 
Maharashtra. Kerala ranks first caong these States with an 
area of 50,100 hectares and a production of 615,227 tonnes 
(Anon, 1930). As the demand for the fruit in the interna-

itional trade is growing very fast and as it fotohQB a higher 
foreign exchange among the fruits of tropics, any attempt toi
increase the per hectare yield is most attractive* |

India ie blessed with enormous number of banana cultivaro 
suited to the different localities. The most popular oulti- 
vars are Paleyonkodan, Dwarf Cavendish, Virupakshi, Eaetiiali, 
Nendrsn, Mon than, Hobusta, Hey Poovan and Bed Banana. Among 
these Peleyankodan (AAB) qyn. Champa (West Bengal), Pooven 
(Tamil Nadu), Korpurachekkarafceli (Andhra Pradesh) is reported 
to be tolerant to poor soil and drought conditions (Sinuaonds, 
1959). This group is by far the most important banana in 
India contributing over 70 per cent of the total crop in the

i
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country (Slamonds, 1959)# In Kerala, approximately 
30 per cent of the banana cultivation is reported to be 
under rainfed conditions and tho most predominant culti- 
var is ’Palayeakodtm*.

It is veil known that the banana plant requires rich 
and fertile soils, if a regular harvest is to be obtained.
Being a gross feeder, heavy fertilization schedule becomes 
necessary for obtaining higher yields in banana. Siaaonds (1959) 
reported that even an inherently fertile soil gets depleted of 
Its fertility within a few years of banana cultivation. lienee, 
a stable cultivation at a satisfactory level of production 
can only be achieved by adequate fertilization.

Investigation© done in the past in India end abroad 
have shown that banana has a very high requirement of H and 
K.compared to P. Considerable data on the significance of 
HPK nutrition in banana for various growth and yield attri­
butes are available for different varieties under different 
climatic conditions. However, these fertilizer recaamendG- 
tions are mainly for irrigated bananas.

Bo far, no systematic approach seems to have been mode 
to study the response of nutrients in banona under rainfed 
conditions. The investigations on the different aspects of 
crop production in rainfed banana therefore assumes greater
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significance in & State like Kerala where 80 per cent of 
this crop is under unirrigated conditions* The present 
study woe directed to understand in detail the nitrogen 
nutrition in Palaysmkod&n cultivar and is the first in 
the series of the proposed comprehensive investigations 
on nutritional re^uirements^cm rainfed bananas.

The experiment was undertaken with the following 
objectives*-

i) to study the effect of different levels of nitrogen 
on growth, yield and quality of fruits

ii) to study the uptake and distribution of nutrients 
at different phases of growth and development, end

iii) to aeaeaa the most economic dosage of nitrogen 
under rainfed conditions.
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HISVlliW OP 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 banana ie briefly reviewed below.

i

1. NITROGEN IN BANANA NUTRITION

Nitrogen as a plant food affects growth end develop­
aent of plants to a marked degree and its role in the plant 
life has been emphasized by various workers in the field of 
plant nutrition.

Croucher and Mitchell (1940) in their investigations 
on the nitrogen needs of Gros Michel banana observed that 
an increase in yield could be secured by the application of 
nitrogen in soils which were rich in available KgO and PgO^.

Norries and Ayyar (1942) reported that banana plants 
require large quantities of potassium, moderate quantities 
of nitrogen and relatively little phosphorus for optimum 
production. Summerville (1944) observed for the Dwarf 
Cavendish banana grown on red basaltic soils of Queensland 
that there was considerably greater response to nitrogen andl
potassium when applied together than when these were applied 
separatejy, while application of phosphorus to these soils 
had no effeot on growth.

if
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Gandhi (1951) reported that in the Poona region 
nitrogen application was found highly beneficial whereas 
addition of phosphorus and potassium produced no addi­
tional yield. Similar results have been reported by 
Gopalan llayar (1962) based on the manorial trial in the 
Cauvery delta. Gopslsn Kayar (1953) studied the effect 
of nitrogen, phosphorus and potassium in the cultivar 
•Poovan1 grown on ■fee heavy ©lay soils of Muthurai in 
Thanjavur District and reported a positive response only 
for fee application of nitrogen. Bhsn ond ^ajumdor (1956) 
in West Bengal also observed fee same effect of nitrogen 
when nitrogen, phosphorus and potassium were applied. 
Phosphorus and potassium either alone or in combination, 
when applied in conjunction with nitrogen did not prove 
beneficial.

rne studies undertaken by the Banana Board ResearchAnony
Deportment, Jamaica (*1960-61) revealed feat nitrogen was 
fee first mineral nutrient to which banana responded well 
and feat potassium also was found to induce better yields 
in many localities. Butler (1960) conducted fertilizer 
experiments wife Groo JSlchel banana in Jamaica over a 
period of 1 3 years and on further studies in Honduras over 
a three year period reported that economic responses to 
fertilising could be effected only from fee use of nitrogen. 
Phosphorus and potoeeiua alone or in combination did not 
produce statistically increased production as compared to 
nitrogen used clone.



II
I

6

Wardlav (1961) reported that bananas responded well 
to nitrogen even when it was relatively core abundant 
til an potassium and phosphorus in the soil* But benefi­
cial influence of potassium was observed in soils which

i

have been long under cultivation or heavily leached, 
while phosphorus gave little or no response* Investi­
gations by, Bhangoo et al. (1962) In Honduras indicated 
significant response to the application of phosphorus 
and potassium in conjunction with nitrogen Improving the 
average bunch weight of Giant Cavendish banana* Little

ior no response was obtained from the use of nitrogen 
alone, while phosphorus and potassium without nitrogen 
had no effect on yield.i

i

2. EFFECT OP KITROGEfl OH GROWTH

Tanaka (1937) conducted manorial trials with Hckuehu 
variety of banana in sand culture and reported nitrogen 
as the most important nutrient and its omission resulted 
in poor growth.

In fertiliser experiments conducted in Jamaica with 
Groc Michel banana, Croueher and Mitchell (1940) found in­
creased plant growth by the application of nitrogen along 
with mid KgO. Steinhauaen as quoted by Aahokkuaar (1977)'i
reported that nitrogen promoted vegetative growth including 
longitudinal growth of petioles end length of bunch. He also
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observed a proactive effect on the sprouting of the eorm 
bits as veil as on the shooting of the young plants due 
to the application of nitrogen* In the same trial he 
observed that excess nitrogen reduced the rigidity of 
the pseudostea, delayed shooting end resulted In abnor­
mally wide spaced hands in the bunch. Butler (I960)
" working in Jamaica and tlonduras on Groo Michel banana 
reported that nitrogenous fertilizers increased growth 
substantially, but tho other major end minor elements 
had comparatively little effect end were economically 
unimportant or even little feasible*

A positive influence on the periodicity of the 
plant and induced growth of leaves due to the effect of 
nitrogen wae reported by Katyal and Ch&dha (1961) in 
banana* Battikhah and Khalidy (1962) applied 0, 100*
200 and 400 g of ammonium nitrate in three applications 
at intervals of 45 days with constant level of 400 g 
super phosphate and 200 g potassium sulphate and noted 
an increase in th© height of the pseudostem, leaf area 
and leaf production besides an increase in nitrogen 
content in the leaf with increase in nitrogen applica­
tion* Jagirdar ot al* (1963) reported that higher > 
levels of nitrogen resulted in increased plant growth 
and vigour in banana*
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Venkatessa at al. (1963) Btudied the effeot of 
nitrogen, phosphorus end potassium each at three levels 
on the growth of Karpurcchakksrakcli variety of banana 
tinder Andhra Pradesh conditions* They observed that

i •

application of nitrogen Induced better growth in the 
plants while phosphorus and potash had little or no 
influence* The effective leaf area increased with 
increase in the nutrient levels especially of nitrogen* 
Arunachela®^(1976) studied the effect of nitrogen on 
Xtrarf Cavendish, Giant Cavendish, Kobueta and Lsoatan* 
Promotive effects were noticed by thorn in almost all 
characters vis*, peeudoBtea height, girth, leaf area and 
number of leaves retained. The sucker production was 
also enhanced.due to nitrogen application in all the 
varieties* ShomugSsry- and Vclayudhaa (1972) reported 
Uaat banana plants which did not receive nitrogen pro­
duced only seven leaves whereas plants supplied with 
adequate nitrogen produced 17 leaves*

3. EFFECT OF HXTHOGEH OH FIOWESIUG AHB MATURITY

I n  fertilizer experiments conducted in Jamaica at 
various locations, of sedentary hill side soil with Gros 
Michel banana, Croueher and Mitchell (1940) found'that 
tho time of shooting was hastened upto 20 per cent by 

' the application of nitrogen. In manorial investigations
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on banana (Martman variety) conducted in West Bengal,
Bhan and Majumdar (1956) found that the plants cropped 
earlier when heavy applications of nitrogen were 
employed.

Simmonds (1959) stated that the rate of maturity 
(time to shooting) was nearly always hastened by nitrogen. 
Jagirdar et al. (1963) reported that higher level of 
nitrogen, although„not increase'' yield, improved grade

!  I  ‘  - T

and the period of maturity. Plants given 100 lb nitrogen 
and irrigated every six days produced mature fruits 83 
days earlier than unfertilized plants irrigated at ;14 days 
interval. Venkatesaa et al, (1965) observed that the 
duration,from 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 influenced 
by different levels of nitrogen. Martin-Prevel (1966)

i

while working with Dwarf Cavendish found an earliness 
rp f the crop due to nitrogen application.

i

4. EFFECT OF NITROGEN ON YIELD AND YIELD ATTRIBUTES

Bullion et si. (1933) obtained increased yield 
with nitrogen and potash applications in banana. Bowman 
and Eastwood (1940) and Croucher and Mitchell (1940) 
found increased yield due to the application of nitrogen 
in the variety Gros Michel under Jamaican conditions.



Bhan and HoJumdar (1956) and Katyal and Chadha (1961) 
noticed a significant increase on the number of hands 
and fingers per bunch due to heavy nitrogen application* 
Siianionde (1959) stated that there was an increase in 
bunch weight with increase in added doses of nitrogen*

Stonlhausen as quoted by Ashokkumor (1977) reported 
that nitrogen increased the length of bunch and number 
of hands per bunch* Simaandg (1959)* Venkatosam et al*(1965)

■ ■ . %i.siand ArunachalRa^(l976) reported an lncreaee in all the 
yield attributing characters and finally the yield owing 
to the application of nitrogen.

Valmayor et al* (1965) in thoir trial with various 
combinations of nitrogen* phosphorus and potassium includ­
ing double nitrogen dressings and one or more minor ele­
ments found no response from phosphorus or potassium or 
the minor elements* But the single dose of nitrogen 
(180 g/etool/year) increased banana yield by 75*73 per cent 
end double dose (340 g/etool/year) fcy 166*67 per cent*
In four years * comparisons of various combinations of 
nitrogen* phosphorus and potassium applications on non- 
irrigeted lacatsn banana in Jamaica, Osborne and Hewitt 
(1963). found that beet yields and quality fruits were 
obtained with three applications per annum of ammonium 
sulphate at 10*6 os per plant* Superphosphate caused
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no response;but application of muriate of potash at the 
rate of 1.5 lb per plant appreciably increased plant 
grow til, finger length, yield and average bunch weight.

Teaotia and Dubey (1971) studied the effect of 
nitrogen on growth and yield of Musa cavendishil (L) 
variety Hariehal. They applied nitrogen from five 
sources - ammonium sulphate, urea, diammonium phosphate, 
calcium awaonium nitrate and £ ammonium sulphate +
■k compost at the rate of 45, 90 and 160 g per plant.
They observed that ell sources significantly increased 
the yield but 160 g dionmonium phosphate followed by 
ammonium sulphate gave the highest yield. Veeraraghsvan 
(1972) reported significant increase in number end 
weight of fruits in Ilendrsn banana in Kerala with 223 g Hv 
228 g PgOj- and 456 g KaO per plant per year.

Hemaswamy and Muthukrishnan (1973) studied the 
effect of nitrogen on fruit development in ftobuata banana 
and obtained best results with 170 g ft per plant which 
increased the length and girth of fruit at harvest to 
21.26 cm and 11.47 cm respectively compared with 16.31 cm 
and 8.66 cm where no nitrogen was used. Romasvemy and 
Muthukrishnan (1974 a) studied the effect of different 
levels of nitrogen on Robusta banana end obtained best 
results with 170 kg H per acre.
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Kohli et al, (1976) reported that 180 g If, 165 g 
and 166*75 g K^per plant/year wae toe beet fertilizer dose
for Robuaia banana, giving the maximum fruit yield of

/
420 to 530 q/ha. under Bangalore conditions. Singh et al, 
(1977) reported that 150 g B, 90 g and 170 g KgO 
supplemented with 20 kg compost per plant can be recommended 
for Basrai banana of Uttar Pradeoh for better yield.
Filial et al. (1977) studied toe response of Sfendran 
banana to different levels of nitrogen, phosphorus and 
potassium at the Banana Roeearch Station, Kcmnara for 
five consecutive seasons from 1963-1964* The results 
revealed that nitrogen and potassium exerted a significant 
positive influence on fruit number and bunch weight, The 
optimum dose of N and Kg0 corresponding to maximum yield 
of fruit was worked out me 191 and 301 g per plant res­
pective 3y*

5, EFFECT OF HITHOGEH DEFICIENCY IN BANANA

Murrey (1959) studied the deficiency symptoms of 
major elements in banana and observed that nitrogen 
deficiency resulted in stunted growth, progressive 
diminution In leaf size, the development of short, thin 
compressed petioles and reduction in suckering. Wardlav (1961) 
reported that the most characteristic symptoms of nitrogen 
deficiency are slow growth, development of a yellowish 
green colour in the lamina end a more or less deep reddish 
tinge or pigmentation in the petiole, Charpentier and
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Martin-Prevel (1965) reported that a total deficiency of 
nitrogen would seriously impair growth beyond flowering 
stage* A considerable reduction in yield and quality 
invariably occur^ If differentiation coincided with a 
period of nitrogen deficiency.

r

6. EFFECT OF HITROGSH OH FRUIT QUALITT

The pre-harvest conditions including mineral nutri-
/

tion reflect on. the quality of the final products in all 
crops. Pantastico (1975) reported that variations in 
fruit qualities existed within the variety due to pro­
harvest conditions in which the crop was grown. The pre- 
harveet conditions affecting fruit quality comprised <=>? 
temperature, relative humidity, light, soil texture, wind, 
elevation and rainfall under environmental conditions and 
mineral nutrition, soil management, pruning, thinning, 
rootstocks, density of planting, irrigation and drainage 
under cultural aspects. Of the cultural aspects, nutri­
tion of the plant was by far the most extensively explored 
field especially in the caes of citrus (Pantaetico, 1975)* 
H& had undoubtedly stated that fertilization with major 
elements affected the internal quality of fruits.

Heather and Smith (1952), Smith (1567) and Kefford 
and Chandler (1970) observed that nitrogen nutrition had 
a positive effect'on soluble solids and titratable acidity
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and an a elver a • effect on the weight and solid to acid 
ratio of pineapple fruits* According to Su (1957) and 
Tay et al. (1963) nitrogen had no effect on fruit quality* 
But Tay (1972) stated that Yap and Barbery observed an 
increase in the fruit acidity by higher levels of nitrogen 
without altering sugar content in pineapple fruits* But 
Su (1957) and By (1953) reported a decrease in acidity 
with increase in nitrogen application in pineapple*

llfjjar and Chond (1969) found in Anab-e-Giialii grapes 
that medium dose of nitrogen showed the maximum percentage 
of total soluble golids along with lower acidity* Desai 
and Phadnie (1979) reported that In Cheesa Sahebi grape, 
total soluble solids, acidity, sugars and total soluble 
solids/acid ratio were better in lower levels of nitrogen* 
Bijjar and Singh (1979) in Thompson Seedless grapes 
reported a decreased acidity with increased nitrogen levels*

1 r

Singh et al* (1974) studied the effect of nitrogen 
and potassium on the physico-chemical characters of 
Kobusta banana and reported an appreciable improvement in 
fruit qualities with potassium combinations* But 
Veaotia et el* (1972) failed to get any marked affect 
on the quality of fruits as affected by different levels of 
nitrogen, pbdsphorus and potassium in banana variety 
Cavendish* Chattopadhyay et al. (198Q)in Cavendish ben a m  
found that nitrogen application increased the total end 
reducing sugar contents of the fruits*
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Bhattacharya ot al. (1975) in Kagzi line found 
that the;quality of juice judged in terms of total 
soluble solids, vitaatin C and acidity significantly 
deore&cod by the use of higher rates of nitrogen.
Singh and Rajput (1976) reported that nitrogen nutri­
tion had a highly significant effect on total soluble

p

solids, reducing sugars and pectin content of guava 
fruits*

7* UPTAKE A?J3) DISTRIBUTION OP BBTROTTS
Horries and Ayyar (1942) studied the mineral 

requirement of banana* Mitrogen was found to be fairly 
evenly distributed throughout the plant; its highest 
portion being found in the suckers, the rhizomes of the 
suckers and in the leaves* Martin-Prevel and 
UoiitagutC 1966) studied the variations in the relative 
and actual proportion of nitrogen and total dry natter •

,i

in the plant organs* It was established that absorbed 
nitrogen was quickly used and accumulation of nitrogen 
reserves was practically impossible*

Jacob and Uexkull (1960) found that the nutrient
i

removal by a 30 tonne crop woe 50 to 75 kg, 15 to 20 kg 
and 175 to 220 kg of M, Pg0^ end KgO respectively. 
Martin-Prevel (1964) estimated the nutrient uptake in 
Dwarf Cavendish banena as 50 kg H, 12*5 kg £gO<j and 
150 kg KgO/hsa, for a production of 25 metric tonaos/ha/year.



Turner (1969) reported that the quantities of nutrients 
token up by banana plants and incorporated into new 
growth over a 12 month period indicated high require­
ments of nitrogen and potassium and a low phosphorus.

Baaed on the total nutrient uptake studies, Joseph (1971) 
estimated that a banana crop of 16.25 tonneo of froeh 
fruit would require 5$ kg 21, 8 kg and 285 kg KgO/acre. 
Sharaugom, and. Veleyudhazi (1972) found out the uptake of 
H, PgOc; and KgO by th© baiiona crop as 300, 80 and 800 kg/ha 
respectively. Jauhari et £l« (1974) studied the nutrient 
uptake of banana variety Basra! Swarf and reported that 
the uptake of nitrogen, phosphorus and potaesium was 
rapid in the first four months from planting* Increasing 
the nitrogen content led to the accumulation of phosphorus. 
Potassium content decreased in leaves and roots during 
growth whereas the content in the rhizomes end pseudostem 
increased. Highest content of silicon, phosphorus and 
potassium were found in pseudostem, calcium and nitrogen 
in the leaves and magnesium in the rhisome*

Veerannah et al* (1976) studied the nutrient uptake 
in Poo von and Hobuata varieties. They reported that 
Robusts required I, PgOj. and KgO at 325, 75 and 1195 kg/ha 
respectively, whereas Poovan required 408, 35 and 1285 kg/ha.
They further reported that nitrogen end potassium wore

■ > absorbed more in the pre-flowering stage of flofeusta.
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There wae, however, a continuous and steady uptake of 
nitrogen and potassium and the quantities were almost 
equal before and after flowering in Poo van. leaf was 
found to be the specific tissue for diagjrolsfa^ nitrogen 
end phosphorus at all stages of growth, for potassium, 
however, sheath was found to be the most suitable tissue.

Twyford and Walneley (1974 a) studied the mineral 
composition of Hobusta banana. The distribution pattern 
amongst the different plant parts for nitrogen was as 
follows. At the sucker stage, shoot was richer in 
nitrogen than the cora. Throughout the vegetative phase, 
the unemerged lea£vr.; had the highest concentration 
followed by leaves and meristem. During the fruiting 
phase nitrogen was recorded maximum in the inflorescence 
followed by leaves and other fruiting parte*

. There was little change in nitrogen concentration 
with plant age in the unemerged leaf as would be expected 
in a tissue, whose physiological age remained more or less 
constant, in most other vegetative organs, concentrations 
tended to decrease with ag© upto shooting, after which 
there was little change. In the com, however, behaviour 
varied at different sites; at some sites the level remained 
constant but at others it decreased. Inflorescence and 
internal fruit stalk levels tended to fall with age. As 
the fruits matured, nitrogen levels foil; phosphorus and
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potassium seemed to be of greater. importance in most 
tiseueo. but not so much of those involved in fruit

.S '
development*

The distribution pattern amongst the different 
plant parts for phosphorus was as follows* At sucker 
stage, the shoot had a higher concentration than the 
corn* At the small and large stage, unemerged leaf had 
a very much higher concentration than other parts followed 
by meriotem and then usually loaves* In the fruiting 
phase the inflorescence had a much higher phosphorus con­
centration than any other organ, followed by the fruit 
stalk* At all stages of growth, cora and petiole con­
centrations were the lowest*

The distribution pattern of potassium amongst the
i

different plant parts was as follows* At sucker stage, 
shoot was richer in potassium than the cora* In later 
vegetative stage, unemerged leaf was always highest in

i

potassium, followed by meristem, pseudostem, petioles, 
leaves and corn* In the fruiting phase, the richest tissues

i

were fruit stalk end the inflorescence*

Twyford and Walmeley (1974 b) conducted studios on 
uptake and distribution of mineral constituents in Robuata 
banana* The distribution pattern for total nitrogen 
amongst the various organs was, as for concentrations* 
leaves always had the highest content of nitrogen* In
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the vegetative phase and at shooting, the poeudootGEi and 
corn wore the next largest repositories. But in the 
fruiting phase, the fruits contained more nitrogen than 
either to paeudostea or com,

Q, NUTUIENT LEVELS IN LEAF TISSUE
Leaf analysis has cose to be accepted as an important

i

tool in modern soil fertility and plant nutrition invest!* 
gat ions. The nutrient status of the banana plant at a 
particular stage soy be indicated by the concentration of 
nutrient elements in the leaf or any other specific plant 
part.

The leaf analysis technique for banana to determine 
the nutrient requirements has gained much importance since 
Fawcett's work (1921) with Lwarf Cavendish banana. Leaf 
analysis in the banana plant was first originated by 
Hewitt (1955) in Lac a tan banana who sampled the lamina of 
the third youngest leaf in the succession of leaves from 
the top of shot plants, since it had the highest concern* 
tration of nutrients. The critical level of nutrients 
reported by him was 2,6 per cent N, 0,45 per cent ̂ 2 ^ 5  

and 3,30 per cent KgO, Bee idee, he reported that the * 
application of nitrogen promoted the leaf nitrogen and 
deoreased leaf potassium, However,the leaf phosphorus 
was not altered by the application of fertilisers con­
taining PgO^. He also observed that increased yield could
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be correlated with increased nitrogen content of the leaf 
and no increased yield wae likely to be obtained by the 
additional application of PgO^ and KgO over end above the 
critical level.

Boland (1960) worked on the problems of leaf 
coupling and reported that the levels of 2*8 to 5 percent 

* 8, 0.40 to 0.55 per cent PgO^i 3*8 to 4*0 per cent KgO 
in the leaf were optimum and also found the middle lamina 
halves of the second leaf before shooting ae the beat.

i

Hurray (1960) working in Trinidad with Dwarf 
Cavendish banana plants in pot cultures confirmed the 
choice of the third leaf as (satisfactory, particularly 
for nitrogen, phosphorus and potassium determinations,
The critical level© reported by him were 2.6, 0.45 and 5.50 
per cent 8, PgO^ and KgO respectively. Twyford (1967) 
standardised the fourth youngest leaf to assess the cri­
tical level of nutrients in Windward islands* The criti­
cal level for H was shown to be 2.9 per cent on most soils 
and 2.6 per cent on very light eoils, for PgO^ it was 0.29 
to 0*48 per cent and for KgO it was 5*8* The concentra­
tions for nitrogen and potaecium were constant and were 
recommended for wide adoption*

Working on Cavendish banana plants, Battikhah and 
Khalidy (1962) observed that leaf nitrogen content
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increased with nitrogen application. Application of 
more than 200 g H per plant did not eubstantially increase 
plant growth. According to then, the third leaf had the 
maximum nitrogen content. Hewitt end Osborne (1962) 
working on Xacatan variety observed mat for securing 
high yields, the leaf tissues should have 2.6, 0,40 and 
4.0 per cent II, PgO^ and XgO respectively. They also 
concluded that varying the time of application of nitrogen 
had little effect on loaf nitrogen content. They further 
reported mat potash application rapidly increased leaf 
potassium and heavy application decreased leaf nitrogen.

In Israel, Haign et al. (1964) found no significant 
correlations between yield responses to various levels of 
available nutrients in tho soil and the nutrient contents 
in the leaves, they recommended addition of nutrients if 
the leaf content fell below 3»2 per cent for B, 0*19 per­
cent for 3?2°5 3*3 per cent for KgO. Twyford and
Coulter (1964) reported that adequacy levels of H, PgO^ 

f and KgO was found to be 2.9, 0.29 to 0.48 and %8oper cent 
respectively. Suadarsingh (1972) reported that leaf 
nutrient content of 5*13 per cent N, 0.44 per cent 
and 3*89 per cent Kg0 in the fifth month and 3*57 per cent
B, 0.51 per cent and 4*36 per cent Kg0 in m e  seventh
month were the optimum for the variety Bobusts.
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R endhava et al. (1973) studied the effect of two 
planting distances end three graded levels of nitrogen, 
phosphate and potash on nutrient concentration in loaf 
tissue and the fruit yield of Hobusta banana under field 
conditions* They reported that with increase in the 
level of nitrogen^application there was increase of 
quadratic nature in the nitrogen content of leaf tissue* 
Under the existing price situation the optimum level was 
found to be 206*1 g N per plant resulting in 3*515 per­
cent of nitrogen in dry matter of leaf tissue and 44*43 
tonnes/ha of fruit yield* Phoephoru® concentration of 
leaf tissue was (significantly affected due to nitrogen 
levelo after second dose of fertiliser application* but 
at shooting stage 'tills effect was not apparent*

Ramaewany and Uuthukrichnan (1974 a) reported that 
there were fluctuations in leaf nitrogen with Increase of 
nitrogen application. An adequacy level of nutrients 
comprising of 3*29 per cent N, 0*44 per cent TgOg and 
3*11 per cent KgO in the leaf tissue was obtained due to 
soil application of 170 teg H, 35 teg PgO,- and 263*5 teg KgO 
per acre which could be considered as fin optimum dose of 
fertilisers for hobusta banana for maximising the yield*

V

Raaaswany and Muthukrlehnan (1974 b) reported that nitrogen 
in certain levels were effective in maxim 1 sing the produc­
tion in banana and a critical level of leaf nitrogen 1*4 
per cent was proved to be an optimum level* Soil appli­
cation of 150 g B per plant has been fixed as critical
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level for maximising tho yield and beyond that level, 
production was decreased. Shawky at al. (1974) found 
that lamina had the hishoot nitrogen and phoephoruB 
contents but the potassium content'; of the midrib end 
petiole were twice ae that of lamina. Vadivel (1976) 
reported that at shooting, leaf concentrations of major 
nutrients was assessed as 1.72 to 2.3 per cent I?, 0*17 
to 0.22 per cent PgOg em^ ^ 4«5 Per con^ KgO in
Robusta. AshokJCumar (1977) reported that leaf con­
centration of nutrients at shooting in hobusta ranged 
from 0.93 to 2*66 per cent N, from 0*11 to 0.37 per cent 
PgOej and from 3*6 to 5*0 per cent KgO respectively.

11,
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MATERIALS ABD METHODS

The Investigations to access the effeot of different 
levels of nitrogen on growth, developaent, dry matter 
accumulation, yield end fruit qualities of banana culti- 
var cPalayanicodan* under rainfed conditions were carried 
out in the Department of Horticulture (Pomology), College 
of Horticulture, Vellanikkara, frichur during the year 
1979-80.

Soil

The soil of the experimental area wee veil drained, 
acidic and lateritic clay loss. Tho chemical character­
istics of the soil are presented in Table 1.

Weather data

The details of the meteorological observations for 
the cropping season are given in Appendix X. The daily 
maximum temperature during the cropping period ranged 
from 31.1 to 40,1°CV and the minimum from 13.6 to 22,6°C. 
The range of maximum and minimum relative humidity was 
from 93 to 90 per cent and 30 to 68 per cent respectively. 
There were 140 rainy days during the period of 396 days 
which was tho duration of the crop. The total rainfall 
received during the period was 2395*3 mm. The maximum 
rainfall was received during the month of July, 1979.



Table 1. Chemical characteristics of the soil

Constituents Content in 
the soil* $

Analytical method used

Total nitrogen

Available phosphorus

0*140

0.001

HicroS^cldshl (Jackson* 1953)

In Broy-I extract; 
cbloro stannous reduced 
aolybdophoaphoric blue 
colour method (Jackson, 1953)

Available potassium 0.013 In 1 II neutral ammonium 
acetate extract; flame 
photometric (Jackson*1953)

pH

B.C. (Specific conductivity)

5.17 1s?.»5 BOilswatar ratio; 
using a pH meter

0.1 ailliahos/ 1s2.5 aoilfiwater ratio; 
css using electrical conducti­

vity bridge



26

During planting and at harvest, practically there 
was no rainfall and the temperature was comparatively 
high. The period of crop establishment (February to 
May) was also during hot summer, where the average 
. monthly rainfall received was only 56,7 mm, The mean 
monthly rainfall during shooting end bunch development 
was high (461,4 mm,). However, the maximum rainfall was 
received during June to August in the pre-shooting period,

Cultlvar

'Pal^yankoden* a popular cultivar of banana in 
Kerala, which is mainly grown as a rainfed crop was 
selected for the study. It comes under the sub group 
Poo van with AAB genome*

Suckers of uniform oise and age (three months old) 
were selected and the pseudosteas were headed back to a 
height of 60 cm before planting. By taking five random 
samples, the nutrient contents of corm and pseudo stem of 
the suckers were estimated before planting*

Field preparation

The land was ploughed twice and levelled. Pits of
"3 2size 50 cm were dug at a spacing of 2,15 m * The suckers

were planted on 6th January 1979, one week after taking
the pits, A basal application of 15 kg farm yard manure
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(nutrient values 0*4 per cent nitrogen, 0*3 por cent 
PgOe- and 0*2 per cent KgO) was given* In addition to 
this, 2*5 kg of green leaf (nutrient values 0,98 per cent 
nitrogen, 0*30 per cent PgO^ and 1*96 per cent KgO) wae 
also incorporated into each pit. Twenty “five g of thimet.

 ̂ granule was oIbo applied into the pits before planting.

Pot watering at th© rate of nine litree/plant wae 
done at fortnightly intervals from th© first week of 
planting till throe months, for the establishment of 
suckers, Uniform cultural operations and crop management 
were adopted during the cropping period*

Experimental design and lay out

The experiment was laid out adopting th© randomised 
block design with five treatments and five replications.
In each plot there were eight rows spaced at 2.13 m#
Five suckers each were planted at 2.13 a in the row.

t Thus there were fourty plants per plot as shown in Fig.I.
For recording morphological characters, nine plants were 
selected aa indicated in the lay out plan. In addition, 
six plants were kept for nutrient uptake studies. All 
the plants in the 1st, 5th aztd 8th rows as uoll ae remain- 
illg plants in the 1st and 5th column were kept as border 
plants.
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Treatments

*0 - Control

a1 - Nitrogen at the rate of 100 g per plant.

n2 - Hitrogen at the rate of 200 g per plant.
- ZJitrogen at the rat© of 500 g per pleat.

a4 - Nitrogen at the rat© of 400 g per plant.

Nitrogen was given in th© form of ammonium sulphate
Phosphorus and potassium were applied at the rate of 
200 g end 400 g KgO per plant in the form of super­
phosphate and muriate of potash, respectively. The re- 
commendations of Kerala Agricultural University for irri­
gated bananas was taken as a basis for fixing the doses 
of PgOcj and KgO in the absence of any recommendations for 
rainfed bananas- All the fertilisers were applied in two 
equal splits on the 90th and 150th day of planting, 
taking advantage of. summer and pre-monsoon showers.

OBSERVATIONS
1. MORVHQlGaiCAL CHARACTERS

Observations on various morphological characters were 
recorded at monthly intervals from 120th day of planting 
to shooting adopting the method suggested by Tang and 
2©o (1962).
1.1. Plant characters
1.1.1. Height

The height of the plant was measured from the base 
of the pseudostem to the axil of the youngest leaf and 
recorded in cm.
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1.1.2. Girth

Girth of the pseudostem wae measured at 20 cm from 
the ground level.

1.1.5. Number of leaves

Fully opened, functional leaves present at each 
observation were counted.

1.1.4* Petiole length

Length of the petiole was measured from the pseudostem 
to the base of the lamina.

1.1.5. Length of lamina

Lamina length was measured from its base to the tip.

1.1.6. Width of lamina

Lamina width was measured at the broadest point in 
the middle region.

1.1*7. Total leaf area per plant

The leaf area of each functional leaf wae calculated 
by the formula given by Murray (1960) (Leaf area o length x 
breadth a 0.8).

1.1.8. Duration of the crop

The number of days taken for shooting and from shoot­
ing to harvest were recorded. From those, the total 
number of dsye from planting to harvest were also computed.
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1*1*9# Sucker production
The number of euckero per plant wae recorded ae and 

when they were produced. Ho v? ever, the euekere were not 
allowed until shooting* After^laergence of inflorescence 
one sucker per plant was retained*

1.2* Growth curves and aeseeaaent of relative growth 
rate of different plant characters

Exponential growth curves of the form 7 ■ ab*1, where
i

Y B the observation, a end h are paronetore to be estimated 
and t ■ tlao interval, were fitted for the plant characters 
height, girth, petiole length end total leaf area per plant. 
Th© relative growth rates for the different characters were 
estimated from the fitted curvea* A quadratic function of 
the form of Y « a + bt + ct was fitted (a, b and c are the 
constants of the curves) to describe the changes in the 
number of leaves during the different per lode of growth and 
development as the growth pattern was found to deviate from 
the exponential lav*

1*3* Bunch characters

The bunches were harvested when they were fully nature 
as indicated by the disappearance of angles, that ie "round 
full" (Slaaen&o, 1939)* The following observations were 
made on the bunches*
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Weight of tho bunch including the peduncle wee 
recorded*
1*3#2« Length of the bunch

Length of the bunch was measured from the point of
attachment of the first hand to that of tho loot hand*
1*3*% ffuabor of hands and fingers

Tho number of hands per bunch and the total number 
of fingers in each bunch were recorded*
1*3*4* Average weight of a hand

height of each hand on a bunch was recorded and the 
cean value calculated*

1*3*5* Average weight of a finger

The middle fruit in the top row of the second hand 
(from the base of the bunch) wae selected as the repre­
sentative finger (Gottreich et al., 1964) for finding 
out the average weight, girth end length of the fingers* 
The weight of this repreeeutalive finger was recorded ae 
the average weight of a finger*
1*3.6* Girth and length of the finger

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

1*5*1* Weight of the bunch
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2o STUDIES ON NUTRIENT UPTAKE AND DRY MATTER PRODUCTION

To assess the nutrient uptake, plant samples were 
collected at monthly intervals from 5th month of planting 
to shooting and also at nervesto Sampling was done 
following the method of Twyford and Walmsley (1973)* In 
each month, one plant wae uprooted from each treatment1 
replicationwise and separated into different plant-parts, 
excluding roots. Sampling of the plant-parts was done 

f as shown in plate I.

■The total fresh weight of the different plant-parts 
was recorded. Samples were weighed fresh and dried in 
the oven at 70° C until consecutive weights agreed. The 
per centage of oven dry matter and the total dry weight 
of the whole part were worked out. After grinding, the 
samples were analysed separately for 11, P and K. Total 
uptake and distribution of nutrients were computed from 
the values of concentration of elements and the dry 
weight of the individual organs sampled.



PLATE 1. SAMPLING TECHNIQUES F011 BANANA

1• Internal leaf

2. Leaf 

3* Petiole

4. Peeudostea

5. Heristea

6. Cora

7. Inflorescence 

Q. Hale bud

9. Internal fruit stalk

10. External fruit stalk

11. Fingera



A bonong plant

PLATE 1. SAMPLING TECHNIQUES
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Vegeta­tive
pbaee

Period of paapllng Organs sampled
Sampling of different organs

Shooting
phase

0
0
0
0
0.0
0
0000
8

8

0
0
0
0

1. ^th month

2. 6th aonth

3. 7 th aonth

4. 3th month

5. 9th month 
(at the first appearance of the flower)

6* Harvest

Com, meristea, pseudoetem, 
petiole, leninae and inter­nal leaf.
Corn, merlsten, pseudoatom, petiole, loainae and inter­
nal leaf.
Cora, pseudostem, petiole, 
laminae and internal leaf.
Com, pseudostem, petiole, 
laainao, internal leaf end inflorescence.

Corn, pseudoatern, petiole, laminae, internal leaf andinflorescence.

Cora, peeudostea, petiole, laminae, internal stalk, external stalk, fruits and male bud.

Bach part was weighed and sampled as given belowj-

2.1. Internal leaf
The whole tiesuo.

2.2. Saergad loaves

Cross sections of 2.5 co including both laalnae and 
midribs from the middle portion of all leaves were bulked 
end sampled.



i
2*3* Petioles

Croes sections of 2*3 cm from the middle portion of 
ell petiolea were taken, balked end sampled.

i ' /
i

2*4* Pseudostem ii

Two eroGB sections of 2*5 ca from near the top and 
near the base were taken and split into halves longitudinally' • 
One half from7 each section was taken, pooled and sampled •

2*3* Her1stem
Several thin crose-sectione of the meriatem (growing 

point of the cora) were taken and sampled*

2*6* Corn !
!A© for cieriatem.

■ 3*
i
\ i

The inflorescence was cut longitudinally and a minimum 
of one fourth of it was bulked*

2.8. Male bud
The male buds were pruned soon after the completion 

of bunch formation, leaving a 15 ca length of barren axis. 
The male bud at this stage was separated, quartered and

i \
samples from th© diagonally opposite quarter sectors were 
pooled. !
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2.9. Internal fruit etalk
j-

Transverse sections from the point near the top, m& te- «nd 
near the base were taken and contained.

!
2*10* External fruit atelk

Three transveroe sections were made - one near, 'the 
point of emergence from the pEeudoetem, one from near the 
hunch portion and one from near the male hud* Those were

i
hulked and sampled for chemical analysis. ;

«!

2.11* Fingers
The middle finger from one hand each at tho top, 

middle and bottom of the hunch was hulked.

3. LEAF ANALYSIS
\■I). In order to assess the nutrient statue

of the plants under different treatments at shooting, ths 
leaf analysis technique go adopted by Hewitt (1955) was 
followed.

j

The cross sections of 2.5 cm including both lamina 
s and midribs froa the middle portion of the third leaf were

i

' j rtaken for chemical analysis. The samples were analysed 
for f?, V and X.
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4. CHEMICAL ANALYSIS 

4*1* Plant parts 
4*1*1* Hltro^en

Nitrogen content of the plant simple was estimated 
by mieroKjcldahl digestion-distillation method (A.O.A.C., I960).
4*1.2, Phosphorus ■I

One g of the ground sample was digested In 15 al of a 
mixture of concentrated perchloric acids sulphuric acids 
nitric acid in the proportion of 1*2*9 and the volume mader
upto 100 al with distilled water and filtered* Phosphorus 
in an aliquot of this extract was determined colorimetri- 
cally using venadomo3ybdophoBphoric yellow colour method 
(Jackson, 1950)*

4.1*3. Potassium
Potassium in an aliquot of the triple acid extract of 

the sample wae determined using a flame photometer 
(Jackson, 1956).
4*2* Qualitative analysis of fruits

The fruits collected from well ripe hunches were used 
for quality analysis. The middle fruit in the top row of 
the second hand was selected ae the representative sample* 
Samples were taken from each fruit from three portions 
viz*, top, middle and bottom and these samples were then 
pooled and macerated in a waring blender* Triplicate
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samples from this were uaed for analyoiB of different 
constituents as detailed below*

4.2.1* Total soluble solids
i

ITotal soluble solids were found out by a pocket 
refrectoneter end were expressed &e percentage*

4*2*2* Ascorbic acid
I si

A known quantity of the pooled eaapls of the fruit 
was macerated in a aortar by adding email quantity of two 
per cent oxalic acid* The solution wao eado upto a known 
volume and filtered* An aliquot of tho extract was taken 
to which an equal volume of two per cent oxalic aoid was 
added* The content was titrated against a standard 
solution of 2,6-dichlorophcnol indophonol dye* The 
ascorbic eeid content of the Juice was then calculated 
and expressed ao ag/100 g of the pulp (A.O.A.C*, 1960).

4.2.5* Acidity
Ten g of the macerated sample was mixed with die* 

tilled water and made upto a known volume* An aliquot 
of the filtered solution was titrated against 0*1 H 
sodium hydroxide using, phemolphthalein so indicator*
The acidity was expressed as percentage of oitric acid 
(A*0*A*C*v 1960).
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4*2*4* ftoduolpg sugars

The reducing augers of the sample were determined 
as per the method described by A.Q.A.C. (1960)*

To a known quantity of macerated pulp# a email 
quantity of distilled water was added* The solution 
after thorough mixing was clarified with neutral lead 
acetate end deleaded with sodium oxalate and mode upto 
a known volume* The solution wae titrated against a 
mixture of Fchlinga A and 3 solutions using methylene 
blue as indicator* The content of reducing sugars was 
expressed as percentage*

4*2*5* Total sugars

Total sugars ware determined ae per the method des­
cribed by A.O.A.C. (1960)* Five ml of concentrated 
hydrochloric acid was added to a known volume of clari­
fied solution and the content was kept overnight* The 
solution wae then neutralised by adding sodium hydroxide 
and titrated against a mixture of Fehling'o A and B 
solutions*

4*2*6* ITon-rgducing sugar

This waa computed by working out the difference 
between the total and reducing sugars.
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4*2*7. Sugar/acid ratio
!

This was arrived at by dividing the total sugars
Iwith titrato, acidity Q-ud this was reckoned ae a aeacure 

of fruit quality*

5* STATISTICAL ANALYSIS
i

The data collected on different plant characters 
were analysed by applying the techniques suggested by 
Snedecor and Cochran (1967)* Effect of nitrogen oh 
various plant characterst dry matter accumulation and 
nutrient uptake was studied by employing the ana lysis .r

of variance technique. Exponential growth curves were
i -fitted for height, girth, petiole length and leaf area

\  '  i

to describe the pattern of growth at different periods 
of growth and developaent of the plant* The relative 
growth rate was estimated from the fitted curves. A

1 p ,

quadratic function was fitted to describe the changes 
in the number of leaves at different intervals of time*

5.1* Hesoonse curve and estimation of optimum dose 
of nitrogen ■*

OA response curve of the fora Y o a + bB ♦ cN 
(where a, b, o are constant and Y ■ moan yield/plant,
9 * dose of nitrogcn/plant) was fitted to find out the 
optimum dose of nitrogen* The optimum dose was calculated
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from the formula K => -b . The economic optimum was
opt 2c

estimated by using formula H „ q/p-b where q « price
ocon g©

of 1 kg of input and p = price of 1 kg of output, The 
values of q and p wero token to be 4 rupee© and 60 paise 
respectively.
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SESULTS

The results of the different aspects of investigations 
are presented under the following sections.

1. KPP1XT OF HITRGGKN OH GHOWTH PAHALSET&RS

1*1* Height of pseudostea

Data on the mean height of plants from 4th to 9th 
month (shooting) of planting are furnished in Table 2*

It may he seen that in the initial stage of growth
i.e,, in the 4th month after planting there was no signi­
ficant difference in the increase in height of the pseudo- 
stems of plants under different treatments* Prom the 5th 
month onwards, however, there was significant increase in 
the height of the pseudo stem with increasing levels of 
nitrogen upto shooting (9th month) except in 7th and 8th 
months* During 7th and 8th months the dose of 300 g H/plant 
resulted in maximum height.

1*2, Girth of poeudostem

Data presented in Table 3 represent the girth of the 
peeudostoa under different treatments.

The resultB showed that there was no significant 
difference between different treatments in the increase in 
girth of pseudo stem during the 4th month* But the effect
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*

Table 2. Effect of nitrogen on plant height at different 
periods of growthB c&.

level© of Periods, months after planting
nitrogen, — ...   —-------—   - ■ ■ — ----  -
g/plant 4 th 5th 6 th 7 th 8th 9 th

0 56*91 65.98 96.58 144.30 178.27 ies.45
100 54.98 75.11 102.07 161.86 199.56 205.22
200 55.46 86.16 113.64 163.84 193.82 207.67
300 58*06 85.20 112.66 174.48 207.11 203.29
400 57.66 90.13 114.40 167.38 203.45 210.67

C.B (5$) m 11.11 11.38 14.19 9.74 10.42
SEm ± 2.02 3.71 3.30 4.73 3.25 3.48
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Sable 3. Effect of nitrogen on plant girth at different 
periods of growth, ca

Levels of Periods, souths after planting
nitrogen, _______ _______________ __________
g/pisnx 4th 5th 6th 7th a th 9th

0 20.29 24.61 31.45 43.93 50.29 52.29
100 20* 20 25.62 32.42 44.74 50,31 53.93
200 20.64 26.70 34.60 44.92 50,93 57.02
300 20.16 27.15 35.22 47.25 51.94 56.64
400 21.36 27.79 35.27 45.37 52.B9' 56,19

0.D C5£) HS 2.04 2.97 HS

iiiiiii 
ca 

| 
S3

ii

2.23
SB& + 0.54 0.66 0.99 0.74 0.31 0.76
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of nitrogen was significant during 5 th, 6 th end 9 th months 
of planting. The highest level of nitrogen recorded the 
maximum girth during the 5th and 6 th month of planting.
But at shooting (9 th month) the maximum girth wee noticed 
in treatment with nitrogen at 2 0 0  g/plaat.

1*3# Humber of functional leaves

Data on the total number of functional leavee per 
plant at various stages of growth under the different 
treatments are presented in Table 4.

The treatments did not show any significant effect on 
the number of functional leaves except in 5 th and 6 th months. 
During the 5 th month, and showed significant^ higher 
leaf number compared to Hq (control) and in the 6 th month a 
similar effect was noticed at the higher three levels of 
nitrogen.

1.4. Length of petiole

The data on petiole length under the different treat­
ments showed that there was no significant effect of the 
levels of nitrogen on the length of the petiole during the 
4 th and 7 th months of planting (Table 5 )* In the other 
months, the highest level of nitrogen recorded the maximum 
length; and the control the minimus.
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Tablo 4. Effect of nitrogen on number of functional leaves 
at different periodo of growth-, .

Levelo of Periods, months after planting
g/plant

4th 5th 6th 7th 8th 9th

0 6.Q0 8.80 11.71 10.91 9.44 9.67
100 6.69 9.71 12.73 10.99 9.89 9.69
200 6.71 10.13 13.40 11.21 9.82 9.80
300 6.98 10.75 13.75 11.35 10.17 9.36
400 6.84 11.13 14.97 10.89 10.27 10.11

C.D (5£) HS 1.34 1.43 HS HS HS
SEsa _+ 0.48 0.45 0.48 0.23 0.20 0.23
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Table 5. Effect of nitrogen on petiole length at different 
periods of growth, cm

levele of 
nitrogen,.

periodSj, montho after planting
g/plent

4 th 5th Sth 7th 8th 9th

0 16,01 19,76 25,62 30.63 31.65 34.20
 ̂ 100 16,71 20,57 24,58 31.79 33.20 37,29
200 16.60 22.08 26.55 32*70 34*44 37.44
500 16.33 25,01 26.05 33.46 34*60 37.78
400 16,93 25.87 28.80 34.24 34*93 39.00

C.D { % ) NS 2.42 3,17 IIS 1.62 2.65
SEa x 0.79 0.31 1.06 0*93 0.54 0,88
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1 *5 * Total leaf area

Data on total leaf area from 4th to 9th months of 
planting ere given in Table 6 . It ie evident thet the 
leaf area was not affected significantly by the different 
levels of nitrogen except in the 7th month, However,t
there was significant increase of leaf area at 1 0 0 g U / 

plant at 7 th month*
i

1*6* Effect of nitrogen on relative growth rate for ' 
different morphological characters

' ‘ i
Data on th© relative growth rate for different morpho­

logical characters viz*, plant height, girth of pseudostea, 
petiole length and total leaf area under different levels 
of nitrogen are presented in Table 7 (Fig. 2)*

The results showed that the level of 1 0 0 g H/plant 
(n.j) recorded the maximum relative growth rate for height, 
petiole length and total leaf area while the highest level 
registered the minimum growth rate for all the morphological 
characters referred* In the case of girth of the pseudostem, 
the relative growth rate was maximum at the level of 
300 g N/plent.

1 *7 * Growth curves of different plant characters
The growtii curves fitted for different plant characters 

under varying levels of nitrogen ere presented in Table 0 
(Figs* 3 to 7).
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Table 6. Effect of nitrogen on total leaf area at different 
periods of growth,

IiQVGle of Periods, months after planting
nitrogen, * 
g/plant 4th 5th 6th 7th 8th 9th

0 1.12 2.22 5.49 7.83

s

9.0 11.70
100 1.20 2.06 6.70 10.23 10.74 13.94
200 1.12 2.69 6.47 0.81 10.05 12.85
300 1.17 2.00 6.48 8.41 10.07 12.97
400 1.16 2.65 6.31 8.19 9.37 12.53

C.D (!$) HS I?S I-3S 1.21 US
SEn + 0.09 0.20 0,59 0,40 0.41
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Table 7. Effect of nitrogen 021 relative grow til rate

levele of 
nitrogen» g/plant

Relative growth rate

Height Girth Petiolelength Total 
leaf area

0 0.268 0.206 0.156 0.466
1 0 0 0.285 0.207 0.164 0.476
2 0 0 0.271 0.208 0.161 0.470
3 0 0 0.271 0 . 2 1 2 0.160 0.461
400 0 . 2 6 6 0 . 2 0 1 0.156 0.456



50

Table 8• Growth curves of different plant characters

EquationCharaoter

height

Girth

Length of 
petiole

Total loaf 
area

Number of 
leaves

Levels of 
nitrogen, 
g/plant

Coefficient of P 
determination (ii ),

0 Y X 1 9 . 2 8  e ° * 2 6 8  x 63
1 0 0 Y X 18*60 e0 # 2 8 5  x 89
2 0 0 Y m 21.37 e 0 , 2 7 1  x 89
300 Y 9 21.80 e0 * 2 7 1 x 0 6

400 Y B 22.63 e ° * 2 6 6  x 89
0 Y C 9.15 e°*20S x 92

1 0 0 V a 9.26 e ° * 2 0 7  x 93
2 0 0 Y o 9.55 e 0 - 2 0 3  x 96
3 0 0 Y 9 9.42 e° * 2 1 2 x 92
400 Y S 1 0 . 2 1  e0 * 2 0 '1 x 94

0 Y a 9 . 0 0  e ° * 1 5 6  x 92
1 0 0 Y 9 9.06 © ° ’ 1 6 4  x 95
2 0 0 Y B 9.59 e° * 1 6 1 x 92
3 0 0 Y a 9.84 e° * 1 6 0 x 8 8

4 0 0 Y 9 10.34 e0 , 1 5 6  x 97
0 Y G 2293.4 e ° * 4 6 6  x 77

1 0 0 Y C 2661.1 e ° * 4 5 6  x 6 6

2 0 0 Y a 2 5 0 1 . 1  e0 * 4 7 0  x 80
3 0 0 Y 2662.1 e ° * 4 6 1 x 76
400 Y X 2602.8 e° * 4 7 6 x 76

0 Y a -12.19 + 6 . 6 8  x “0 . 4 8  x2 80
1 0 0 Y £3 -16.25 +  8.26 x -0 . 6 0  x2 79
2 0 0 Y W -17.33 + 6 . 6 8  x -0.64 x2 63
300 Y C3 “19.36 * 9.58 x -0.72 x2 78
400 Y B -19.44 * 9.64 x -0.72 x2 61
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Exponential growth curves were fitted for describing 
the variations in plant height, girth, petiole length and
total leaf area* Quadratic curves were fitted for assess-» '
lng the, variations In the number of leaves* All the curves 
vers found to fit the data satisfactorily'* As regards to 
plant height, the co-efficient of determination ranged from 
8 3  to ©9 but for girth it ranged from 98 to 96* In the 
case of petiole length and total leaf area, the co-efficient 
of determination ranged from 8 8  to 9 7 and 6 8  to 80 reege-

nctively. Aa regards to the number of leaves, the co-efficient 
of determination ranged from 61 to 30* Thus the taaximua 
values were noted in the case of plant girth and petiole 
length,

1 *3* flowering duration and fruit maturity
i
i

Data pertaining to the number of-days from planting to 
shooting, from shoo ting to harvest and from planting to 
harvest of the crop ere given in Table 9 *

The data do not reveal any significant differences 
among the treatments with regard to the duration from plant­
ing to shooting* However, the earliest shooting (260*8 days)

«was noticed in the treatment receiving nitrogen ©t 3 0 0  g/plant 
as againat 8 7 1 * 7  days in the esse of 4 0 0  g H/plant*
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Table 9* Effect of nitrogen on the duration of the crop

Itevelo of Duration, days
nitrogen,g/plant Planting to Shooting to 

shooting harvest
Planting to harvest

0 263,4 95,2 363.6
1 0 0 265,3 90.1 355.4
2 0 0 266,9 103.6 370,5
3 0 0 260.2 102.4 362.6
400 271.7 113.7 335.4
C.D (5$) ns 1 2 . 0 1 13.99
SSa + 4.11 4,04 6.34

Table 10. Effect of nitrogen on production of suckers at shooting

levels of Suckers atnitrogen,
g/plant shooting

0 1.47
1 0 0 1.53
2 0 0 1.75
3 0 0 1.56
400 1.47
C.D (5S&) hS
SSa + 0.25
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In respect of the duration from shooting to harvest 
there woe significant difference eaong the treataontc.
It was least in n.j (100 g H/plant) end maximum at the 
highest level of nitrogen (400 g H/plant).

The duration fron planting to harvest uaa significantly 
influenced by the various treatments. The treatment 
showed significantly longer duration than Hq , n^ and n^ 
which were on par with »g. There was no significant di­
fference between and n^»

1*9# Sucker production

Data on the effeot of different levels of nitrogen on 
eucfcer production are furnished in Table 10. The data 
showed that there was no significant difference in the num­
ber of suckers produced at shooting due to different levels 
of nitrogen, although apparently the maximum number of 
suckers per plant was observed in the treatment n^v which 
received 200 g H/plant.

2. BUHCH c a m e r a s

The data relating to the various bunch characters as 
influenced by different levels of nitrogen arc presented 
in Table 11.



Table 11. Effect of nitrogen on bunch, characters
Levels of Height of Length of Kosher of Height number of Length Girth of Weight
nitrogen, bunch, kg bunch, ea hands/ of hand, fingers of fin- finger, of fin-/plant b u n c h £ gar, c m c a g e r , g

0 9.71 45.40 11.27 692.20 174.76 13.17 8.90 57.39
1 0 0 1 0 , 6 6 46.57 11.77 7 1 6 . 8 0 175.20 13.29 10.23 65.56
2 0 0 11.09 47.17 11.25 751.40 187.32 13.42 10*56 6 9 . 1 2

500 1 1 . 0 5 43.26 1 1 . 2 1 744.80 178.3Q 13.81 10.23 68.87
400 10.60 48.59 1 1 . 8 1 695.40 184.63 13.65 10.35 65.93

C.D 0.92 U S U S n s fe5 07 HS 0.Q3 6 . 2 0

SIfta * 0 . 5 1 1.16 0.25 31.74 5.48 0.39 0.28 2 .0 7
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2 .1 . Weight of bunch

Significant difference was observed between the treat­
ments with respect to bunch weight (Table 11, Pig, 8 ). The 
yield per plant obtained in the treatments n^, Hg and n^ was. 
on par. These three levels wore significantly superior to 
control. Mo significant difference was noticed between 
and control.

2.2. Length of bunch

Eventhougb a linear increase in mean length of bunches 
was noticed with increased levels of nitrogen application, 
the differences were not statistically significant.

2 .3 . Bumber of hands per bunch

Lata on mean number of hands per bunch showed that the 
effects due to nitrogen application was not significant. 
However, the maximum number of hands was noted in the highest 
level of, nitrogen application ( 4 0 0  g H/pleat).

2.4. Height of hand

The maximum weight of hand was recorded in tho treatment 
n~» followed by n^ and the minimum in the control. However, 
the differences among the treatments were not significant.

: 55
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2 *5 . ffunbor of fingers

The nusber of fingers per bunch showed no significant 
variation due to the different levels of nitrogen. The

r~
maximum number of fingers wae noted in the treatment n^ 
followed by and the lowest number wae recorded in the 
control.

2*6. Length of finger

The length of the finger was also not Influenced tty 
different levels of nitrogen. The mean values ranged from 
13.17 cm (nQ) to 13.81 (n^).

2.7. Girth of finger

Lata on the mean girth of finger shoved that the effects 
due to nitrogen application were significant. Highest girth 
of the finger was recorded In the treatment xig followed by 
n^ and the minimum in the control. This represented an in­
crease of 18.7 per cent in n^ ond 16.3 per cent in n^ res­
pectively as compared to the control.

2.8. Weight of finger

In respect of weight of finger also there wae signi­
ficant Increase among the various treatments. All the levels 
of nitrogen were significantly superior to control. The 
maximum finger weight was obtained in treatment (6 9 * 1 2  g)
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followed by n^ (68.87 g) which wore 19.4 and 19 per cant 
higher than control» respectively.

3. FHUIT CilAKACTEIiG

Data relating to the physical characters of the fruit 
are furnished in Table 12.

3.1. Weight of fruit

The different levels of nitrogen showed significant 
differences with regard to weight of fruit. All the treat­
ments except showed significant increase over the control. 
There was no significant differences among the other levels 
of nitrogen. The highest fruit weight was recorded in n^ 
(61.14 g) followed by Hg (61.0'̂ ig) wheroae the minimum 
value was registered in control (30.57 g).

3*2. Weight of pulp

While the weight of the pulp in the various treatments 
was significantly superior to the control, the various 
levels of nitrogen did not produce significant difference 
between themselves. The weight of pulp ranged from 33.63 6  

in nQ to 44.84 g in ng.

3*3. Weight of peel

The data presented in Table 12 showed that the weight 
of peel was not affected by the treatments although maximum 
value was noted in followed by ng and the least in a^.
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Table 12. Effect of nitrogen on fruit characters

Levels of Weight of Weight of Weight of pulp/peel 
nitrogen, fruit, g pulp, g peel* 6  ratiog/plant

0  50.57 35.65 15.36 2.56
100 61.14 44.47 16.76 2.75
2 0 0  61.07 44.84 15.77 2.94
3 0 0  60.11 4 3 . 0 2  15.38 2.95
400 55.94 41.73 15.10 2.77

C.D (5$) 7.79 5.75 NS HS
SEa + 2.60 1.92 0.69 0.13
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3.4. Pulp/peel ratio

The pulp/peel ratio did not vary significantly due to 
the different levels of nitrogen. The maximum value was 
noted in n^ <2.95) followed by ng (2.94) end the least in 
control (2.58).

4. EFFECT OF HITROGEU OH FHU2T QUALITV

Data on the various qualitative characters of the 
fruits as affected by different treatments are presented 
in Table 13.

4.1. Total soluble solid8

Even though there was an increase in T.S.S. content os 
the nitrogen level increased upto 200 g/plant (ng) there 
was a decrease with further increases in the level of applied 
nitrogen. The treatment ng recorded tho highest T.S.S. of 
26.63 per cent, which was 5*2 per cent higher than control.

4.2. Reducing sugars

Data on the reducing sugar content of the fruits showed 
that the effects due to different levels of nitrogen were 
significant. The treatment ng registered the highest per­
centage of reducing sugars <17.03 per cant) followed by 
n^ <16.94 per cent).



Table 13. Effect of nitrogen on fruit quality

lavola of Total Seducing Non-reduc- Total Sugar/ Acidity, $ Ascorbic
nitrogen, soluble sugars, $ ing sugar, % sugars, $ acid acid,
g/plant solids, $ ratio sg/100 g

0 25.31 14.87 0.94 15.81 30.01 0.53 7.41
100 26.08 15.35 0.50 15.35 31.55 0.50 7.79
200 26.63 17.03 0.14 17.17 37.51 0.46 7.81
300 26.42 16.94 0.29 17.23 34.77 0.49 9.27
400 26.01 16.72 0.32 17.04 33.56 0.51 3.04

C.D (5&) 0*66 1.07 0.36 0.94 3.91 TitOIf ft*1 HS
D liH -fr 0.22 0.36 0.12 0.32 1.30 0.02 0.48

\
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4.3. K on-reducing sugar

Tho treatments receiving different levels of nitrogen 
differed significantly in respect of non-reducing sugar.
-The treatment nn recorded the highest content of non-reduc-
k 0ing sugar which was significantly superior to all other 
'treatments# The minimis non-reducing sugar content wae 
observed in ng (0*14 per cent).

4.4. Total sugars

Increased levels of nitrogen application increased the 
content of total sugars upto 300 g M as evident from the 
data* The highest sugar content was observed in treatment 
n^ (17*23 per cent) followed by ag (17.17 per cent) and the 
lowest in control (15*81 per cent). The treatments ng» n^ 
and were significantly superior to Hq and n^ which were 
on par.

4.5* Sugar/acid ratio

Highly significant differences were observed in sugar/ 
acid ratio due to treatments. The highest value of sugar/ 
acid ratio was recorded in ng (37.51) followed by n^ (30.01). 
There was no significant differences among Hq » n-j and

4.6. Acidity

The lowest acidity was noted in zig (0.46 per cent) 
and the highest in control (0.53 per cent). However, the 
differences between treatments were,not statistically signi­
ficant.



4*7. Ascorbic add

Ascorbic acid content of the fruits did not show signi­
ficant variation due to treatments which ranged froa.
9*27 rag/100 g (nj) to 7.41 mg/100 g (a0).

5* HUTKIBHT STATUC AH3) DRY HATTER COHTEHT OF PMTING 
MATERIALS (SUCKERS)

The dry natter and I?PK content of the com and pseudo- 
stem of suckers before planting were analysed and the data 
are furnished in Appendix XI.

While pseudostem contained high amounts of nutrients 
the total dry matter accumulation was comparatively maximum 
in the cornu

6 . ERT MATTER PR0EUCT10U

6 *1 * Kffeot of nitrogen on total dry matter production

The data on the total dry matter production at diffe­
rent stages of growth and at different levels of nitrogen 
are presented in Table 14 (Fig* 10).

It will be seen from the table that in general the 
total dry natter content increased with .increasing nitrogen 
levels, in all stages of growth, the highest level of nitrogen 
recording maximum total dry matter production* The effect of 
levels of nitrogen on the total dry matter production is thus 
evident* During the early vegetative phase i.e., between

62



Table 14- Effect of nitrogen on total dry matter production, g/plant 

Levels of Period, month of sampling
g/plant 5th 6 th 7 th 8 th 9th Harvest

0 435.4 722.0
(65.84)

1505.7
(109.53)

2 8 6 0 . 2
(89.96)

4227.1(47.78) 4589.5
(8.57)

1 0 0 471.1 817.9(73.61) 1652.5(102.04) 3044.9(84.26) 4582.3(50.49) 5017.9(9.51)
2 0 0 466.2 970.3(1 0 3 .0 6 ) 2 0 1 4 . 8

(107.64) 3371.3(67.33)
4947.8
(46.76) 5190.2(4.90)

3 0 0 553.1 1108.2(100.36) 2064.2
(86.27) 3495.5(69.34) 5325.3(52.34) 5577.9(4.74)

400 6 0 3 . 2 1195.1(98.13)
2429.2(1 0 3 .2 6 ) 3981*1(38.98) 5703.9(43.27)

5878.8
(3.06)

C.3) (5$) 72.6 160.9 206.4 347.4 628.3 413.7
SEgl + 24.2 53.6 6 8 . 8 115.9 209.5 137.9

Notes The figures in parenthesis indicate the rate of increase in 
dry matter production at each time interval, /*
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5 th and 6 th month the rate of increase in dry natter was 
however, highest with 2 0 0 g H/plant.

Ae the plants advanced in age the total dry natter 
progreosively increased, irrespective of the treatments.
The rate of increoe© varied with the stage of plant growth 
and with the levels of nitrogen. Mnxiaua rate of dry natter 
production was seen during the 7 th month (a nean increase 
of 101*56 per cent over the previous period), after which 
the rate gradually declined reaching the minimum (6.16 per 
cent towards harvest). It was lntereoting to note that In 
the control and in the lower level of nitrogen (n^) the rate 
of increase in dry natter between shooting and harvest was 
higher than the other levels*

6*2. Distribution of dry matter within the plant at
different periods of growth

\
The dry weight of various organs at different periods 

of growth ae influenced by various levels of nitrogen are 
given in Tables 15a and b and their mean values summarised 
in Table 15c* The data revealed that the levels of nitrogen 
and the stages of plant growth Influenced the dry matter 
accumulation in various plant parts* In the vegetative phase 
(5 th, 6 th, 7 th and 8 th months) maximum dry matter accumula­
tion was noticed in laminae followed by pseudo stem, com, 
petiole, internal leaf and meristom. During shooting also



Table 15a. Effect of nitrogen on dry matter content of different
organs at different stages of plant growth, g/plant

Eevele Month Organs
of

100

200

300

400

oz ,eampl- 
lng Com Mari- Pseudo- Petiole laminae Interstem stem

-WWTTW
nalleaf

5 th 1 3 0 . 8 1.80 102.3 19.1 175.1 6.26
6 th 175.8 1.06 2 0 0 . 2 40.7 300.5 3.827th 336.4 - 455.0 1 0 1 . 6 610.1 2.57
8  th 519.3 - 837.9 13Q.9 1168.7 2 . 3 0
9 th 742.6 - 1220.9 1 7 6 . 2 1527.3 -
Harvest 231.5 - 812.7 103.6 1015.7 -
5th 135.3 2.47 103.2 19.7 203.4 7.09
6 th 223.6 1.33 229.2 43.8 316.2 3.847th 320.2 — 500.0 105.2 723.8 3.163th 523.1 - 870*3 153.7 1284.6 2.73
9 th 766.0 - 1240.6 2 0 2 . 0 1773.5 -
Harvest 255.1 - — 898.6 117.0 1082.1 —
5th 1 2 2 . 6 2 . 9 6 107.5 2 0 . 6 203.7 8.13
6 th 2 2 3 . 8 1.56 267.0 56.0 416.2 5.77
7 th 341.6 — 605.7 124.7 940.0 2.05
8 th 591.5 - 976.0 170.9 1416.6 2.63
9 th 841.3 - 1346.4 217.1 1904.9 -
Harvest 2 9 8 . 2 m 940.4 124.1 1 0 9 2 . 8 —
5 th 162.4 4 . 6 8 113.5 2 1 . 6 240.6 1 0 . 3 8
6 th 275.8 1.43 282.2 64.4 476.3 6.03
7 th 352.5 — 618.9 125.0 964.1 3.75
8 th 671.7 - 994.9 180.6 1413.3 3.549th 990.9 - 1370.9 238.2 2062.5 «•
Harveot 355.9 — 1091.3 130.9 1253.7 •
5th 172.6 5.15 124.5 25.3 264.0 11.64
6 th 299.6 1.75 292.9 62.4 530.8 7.76
7 th 491.5 — 707.1 127.4 1099.2 ,4.023th 746.2 - 1110.5 154.4 1676.2 4.149th 1000.8 - 1514.0 241.5 2253.9 -
Harvest 364.9 - 1214.0 158.0 1469.2 -



66'

ible 15b. Effect of levels of nitrogen on dry matter content of different organs at different stages of plant̂  growth, 
g/plant

3V©ls Month of Organs
rLtrogen,/'plant

sampling Inflore­
scence

Inter­nal
stalk

Exter­
nalstalk

Fruit «Male
bud

3th 193-1 .. —

0 9 th 307-7 252.5 - - -
Harvest - 177.6 109.7 2076.7 60.0

3th 210.4 - - - -
1 0 0 9th 3 2 0 . 8 279.3 «• -

Harvest - 1 0 2 . 8 124.9 2258.6 68.9
Qth 213.7 - - -

2 0 0 9 th 325.9 3 1 2 . 1 - - -
Harvest - 2 0 0 . 0 136.7 2333.2 64.9
8 th 231.5 - - - -

3 0 0 9 th ■ 348.3 314.5 - - -
Harvest - 2 4 0 . 2 127.8

t
2311.5 6 6 . 6

Qth 259.6 - -
4 0 0 9 th 3 6 6 . 2 327.5 - - -

Harvest - 243.2 129.9 2234.7 64.7

* The male buds were pruned when the bunch formation was completed.
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accumulation of dry matter was maximum in the lemin&e 
and the least in the petiole* At harvest maximum dr/ 
matter accumulation wae contributed by the fruits* the

i

rest of the organs shoving a similar trend as in pre­
vious phases*

With respect to the levels of nitrogen the dry matter 
increased with the levels of nitrogen in vegetative plant 
parts* But in the reproductive organs, via*, In the fruit 
and external stalk total dry matter Increased up to the 
level of 2 0 0  g H while further increase in nitrogen levels 
resulted in a decline* Analysis of the male bud for their 
dry matter accumulation shoved that the dry matter increased 
only upto 100 g H/plant. In all the plant parts irrespective 
of the levels of nitrogen, there was a steady Increase in 
dry matter upto shooting (9 th month) which however, declined 
at harvest.

A comparative study of dry matter accumulation between 
the vegetative and reproductive phases clearly showed the 
effect of different levels of nitrogen. Upto 200 g H/plant 
the reproductive ports contributed the major port of the 
dry matter. At the level 300 end 400 g H the reverse was 
the case, vegetative ports contributing the maximum dry 
matter.



Summary

Table 15c* Effect of nitrogen on dry matter content In the different organs at
different stages of growth

ItQVGls of Dry matter content, g/plant
nitrogen,g/plant Cora Meri— Pseudo* Petiole Leal- Inter­steal stem nae nal

leaf
Inflore­
scence Inter­nal

stalk
Exter­
nalstalk

Pruit Mala
bud

0 356.07 1.43 604.83 9 6 . 6 8 799.55 3.74 250.37 215.04 109.74 2078.73 59.95
1 0 0 375.60 1.90 640.32 1 0 6 . 9 2 897.27 4.21 265.70 231-05 124.87 2258.59 63.91
2 0 0 403.18 2.26 707.03 118.86 995.70 4.85 2 6 4 . 8 1 256.03 136.71 2333.17 64.86
3 0 0 463.20 3.08 745.23 126.78 1068.75 5.94 239.94 277.33 127.78 2311.47 66.58
400 5 1 2 * 6 0 3.45 827.15 133.17 1215.55 6.89 312.91 285.36 129.88 2234.65 64.71

Month of 
sampling

5th 144.72 3.41 1 1 0 . 2 0 21.26 217.34 7.07 - - - - -
6 th 239.72 1.44 254.30 53.46 408.38 5.46 - - - - -
?th 368.44 - 577.30 116.76 867.46 3.27 - - - - -
8 th 6 1 0 . 3 8 - 957.94 165.70 1391.80 3.07 2 2 1 . 6 8 - - - -
9th 868.24 - 1333.56 215.00 1904.44 - 331.80 251.77 - -
Harvest 307.12 - 991.48 126.72 1132.70 - - 208.75 125.80 2243.32 65.00
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7- DISTRIBUTION 0? NITROGEN
,i

7*1* Nitrogen percentage
(I

The data presented in Tables 16a and to represent the 
percentage distribution of nitrogen in various organa as 
influenced by levels of nitrogen and periods of growth.I'
The summary is furnished in Table 16c. The different levels 
of nitrogen had significant influence on the nitrogen con­
tent of the various plant parts. The nitrogen percentage 
in the plant parts increased with increasing levels of 
nitrogen. However , between the two higher levels the di­
fference was not significant. At all levels of nitrogen, 
maximum nitrogen content was found in the internal leaf.
► i , '■

With respect to periods of growth, the nitrogen per­
centage in plant parts in general decreased with the age of 
the crop. At harvest the nitrogen content of the organs

i

were significantly lower than that at the earlier periods. 
During vegetative phase the internal leaf hod the highest 
content of nitrogen followed by laminae. During shod ting

i
also maximum nitrogen content was noted in laminae followed 
toy inflorescence end pseudostem* At harvest, nitrogen con­
tent was recorded maximum in external stalk (1.50 per cent) 
followed toy laminae (1 . 4 0  per cent) and internal stalk0*28
per cent). Among the reproductive organs the male bud had the|highest nitrogen content.

69
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fable 16a* Effect of nitrogen on the El content of different giant organo at different stages of plant growth, 
on soioture free basisd.

levels of Month of 
nitrogor g/plant

Organs
sampling Com Meri-

stem
Pseudo-Petiole
stem

Laminae Inter­
nalleaf

5th 1 . 1 1 1.76 1.23 0.84 1.94 1.73
6 th 0.91 2.14 1.40 1 . 0 1 2 . 2 1 2.35
7 th 0.95 - 0.89 1 . 1 0 2.08 2 . 1 2
Oth 0.33 ■" 0.93 0.89 1.91 1.73
9 th 0.82 0.97 0.97 1.74 -

Harvest 0.97 — 0.69 0.80 1.41
5 th 1.46 2.27 1.25 1.29 2 . 2 0 2.24
6 th 1.09 2.35' 1*57 1.26 2.55 ' 2.52
7 th 1 . 2 1 - 1.32 1.33 2.23 3.03
8 th 1.17 — 1.18 1.13 2 . 1 2 2.449th 0.96 - 1.03 0.79 2 . 2 1 mm

Harvest 1 . 1 0 ** 0.69 1.06 1.18 *
5 th 1.59 2.33 1.57 1.73 2.69 2.71
6 th 1.25 2,43 1.74 1 . 7 2 2.87 2.93
7 th 1.32 «D 1.56 1.55 2.71 3.14
8 th 1.19 - 1.33 1.27 2.69 2.719 th 1.07 - 1.09 0.85 2.27 .
Harvest 1.03 — 0 . 8 6 1.07 1.39 mm

5th 1.67 2.39 1.70 1.63 2.73 2.73
6 th 1.32 2.77 1.81 1 . 9 8 3.31 2.97
7 th 1.53 1.73 1 . 7 0 2.61 3.04
8 th 1.41 - 1.60 1.39 2.47 2.69
9 th 1.24 - 1.46 1.26 2.34 -
Harvest 1.13 ~ 1.04 1.06 1.56 —
5th 1.71 2 . 4 0 2 . 1 1 1.71 2.38 2 .Q2
6 th 1.33 2 .Q0 2.32 1.85 3.43 3 . 0 1
7 th 1.43 - 1.69 1.79 2.90 3.30Oth 1 . 4 0 — 1.53 1.49 2.69 2.909th 1.36 - 1.37 1.16 2.48 -

Harvest 1 . 1 2 - 0.97 1 . 1 0 1.44 -

100

200

300

400
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16b. Effect of nitrogen on the N content of different plant 
organs at different stages of plant growth „ £ on 
moisture free basis

levels of 
nitrogen9 
g/plant

Month of 
sampling

Organs

Inflore­
scence

Inter­
nal
stalk

Exter­
nal
stalk

Fruit Male
hud

Qth 1*18 - - «*i
0 9th 1.39 0.32 - - -

Harvest m* 1.17 1.31 0.77 1*56

8th 1.76 m - -
100 9th 1.74 0.73 - -

Harvest - 1.23 1*30 0.30 1.61

Qth 1*68 - - -

200 9th 2.06 0*84 - - ' -
Harvest 1.36 1.36 0*98 1.69

8th 2*02 - - -

300 9th 1.99 1.04 - -
Harvest - 1.30 1.67 1.09 1.72

Qth 2.66 - - -
400 9th 1.85 1.15 - - -

Harvest - 1.34 1.87 1.31 1*78



Summary

Table 16c, Effect of nitrogen on the E content of different plant organs at
different stages of growth, on moisture free basis

Levels of on Qoisture free basis
nitrogen,
g/plant Corn . Keri- , 

a tea
Pseudo-
stem

Petiole Laminae Inter­
nal
leaf

Inflore­
scence

Inter­
nal
etalk

Exter­
nal
stalk

Fruit Male
bud

0
100
200
300
400

0,94
1.17
1.24
1.39
1.39

1.95
2.31
2.41
2.58
2.60

1.03
1.17
1.36
1.56
1.50

0.94
1.15
1.37
1.50
1.52

1.88
2.08
2.44
2.50
2.64

1.93
2.56
2.87
2.68
3,03

1.29
1.75
1.972.01
2.26

0.75
0.98
1.10
1.17
1.25

1.31
1.30
1.36
1.67
1.87

0.77
0.80
0.98
1.09
1.31

1.56
1.61
1.69
1.721.73

C.3) (5§0 0.18 - 0.17 0.20 0.22 0.31 - - - - -
SBm ^ 0.06 - 0.06 0.07 0.08 0.11 *» - - - —

Mon til of 
sampling
5th 
6th 
7th 
8th 
9 th
iforvest

1.50
1.18
1.30
■1.21
1.09
1.07

2.23
2.51

1.37
1.78
1.44
1.31
1.18
0.85

1.44
1.57
1.49
1.231.01
1,02

2.49 
2.60
2.50 
2.38 
2.21 
1.40

2.45
2.76
2.93
2.51 1.90

1.81

mm

0.82
1.28 1.50

m*

0.99 1.67

C.D (5$) 0.19 - 0.18 0.22 0.24 0.03 - - 9m - -
SSs + 0.07 0.07 0.C8 0.09 0.10 - - - - -

-at\3
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i

Th© data furnished in Table 17 (Fig* 11) revealed that 
total uptake of nitrogen was eigaificantly influenced by 
the 1 ovale of nitrogen applied- The higher level© of nitro­
gens naaaly and resulted in increased uptake and the 
highest uptake was noticed at the highest level sf nitrogen 
in oil stages of growth. Th© difference between liv and n^ 
wan not statistically eignifleant during 5th, 6th, 9 th month# 
end at harvest-

The data also revealed the influence of different phaeee 
on the uptake- A steady increase in the uptake of nitrogen 
was observed upto shooting irrespective of the doe# of 
nitrogen applied- The nitrogen uptake however, declined at 
harvest- The maximum uptake of nitrogen was achieved at 
9th month (shooting)- There wae also remarkable intake of
nitrogen by tho crop during the period from 5th to 6th month-

!
The mean nitrogen uptake value of 10*17 g recorded at 5th 
month shot upto 20-75, an increase of 100*20 per cent over the 
previous period* From 6th to 7th month, 7th to 3th and 3th 
to 9th month the percentage of increase wae 90*53, 67*43 and 
31*73 respectively*

7*3* Hitroigen uptake In different organa
i

The data on the nitrogen up take in various organs es 
affected by different levels of nitrogen and periods of 
growth arc furnished in Tables 10© end b end their summary 
in Table 18o-

7.2* Total uptake of nitrogen



Levels of 
nitrogen, 
g/plant

0

100

200

300

4 0 0

G.S (555)
SEa +

Period, month of sampling

Table 17. Sffeot of nitrogen on total uptake of nitrogen, g/plent

5th 6th 7th 8th 9th ,Harvest

6.49 11.70
(80.00)

29.91
(78.63)

38.62
(04.70)

51.07 
(32.24)

44.95

8.36 15.08
(80.38)

28.29(87.60)
•49.24 ' 
(74.05)

68.75
(39.62) 47.63

9.74 20.48
(110.27)

41.27
(101.51)

63.08
(54.79)

76.42
(22.76)

55.53

12.13 26.40
(117.64)

43.23
(63.75)

67.26
(55.59)

92.34
(37*29)

68.22

14.H 30.09
(112.73)

51.50
(71.15)

01.50 
(58.25)

103.30
(26.75)

74.97

3.09 6.21 7.32 . 10.99 20.60 11.60
1.03 2.07 2.44 3.67 6.87 3.87

Uotes Th© figures in parenthesis indicate the rate of increase in 
total uptake of nitrogen at each time interval5%



As evident from the data, the levels of nitrogen 
influenced the uptake of the element in all plant parts.
In the case of cora the n^ end n^ levels were on par and

1
were significantly superior to Hq with respect to uptake.
In pseudo a tern the levels a 4  were significantly
superior to Kq # n^ end n^ while n^ and n^ were on per; In 
laminae highest level of applied nitrogen significantly 
increased the uptake of nitrogen than other levels. The 
nitrogen uptake in the internal leaf significantly increased 
with the doeee of nitrogen. The levels of nitrogen had no 
significant effect on the uptake in the petiole.

With respect to the periods of growth, the nitrogen 
uptake of the organs in general decreased with tho age of 
the crop. The nitrogen uptake of orgone vis., cora, pseudo-

!lstem and laminae at harvest were significantly lower than 
that of the other periods. During vegetative and shooting 
phases, laminae always had tho highest uptake of. nitrogen 
followed by pseudostem end cora. At harvest however, maximum

ii

nitrogen uptake was met within fruits followed by laminae and 
pseudostea. The uptake of nitrogen in vegetative organs 
steadily increased upto 9 th month of planting and thereafter
showed a marked decline towards harvest*\ \
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Table 18a, Effect of nitrogen on the N uptake of different plant organs at different stages of plant growth, 
g/plant

Organs
nitrogen,g/plant

0

100

200

300

400

sampling Corn Heri-
stem

Pgeu- 
dostem Petiole X&minae Inter­

nalleaf

5th 1,46 0.03 1.27 0.16 3.45 0 . 1 1
6 th 1.59 0 . 0 2 2.94 . 0.41 6.65 0,09
7 th 3.04 - 4.03 1.13 . 12.59 0.05
8 th 4.57 "•V 7.04 1 . 2 2 22.63 0,04
9th 5*91 - 11.92 -1 . 1 0 27.13 -
Harvest 3.62 — 5.55 0.03 14.39 •

5 th 2 . 0 2 0.06 1.29 0.25 4.49 0.24
6 th 2.45 0.03 3.S1 0.58 . 8 . 1 1 0 . 1 0
7 th 3.92 - 6.64 1.37 1 6 . 0 6 0.09
8 th 6 . 1 0 10.05 1.74 27.50 0.07
9th 6.91 - 12.63 1.81 39.71 -
Harvest 3 . 0 2 - 6.84 1.24 1 3 . 2 6 *

5 th 1.97 0.07 1.67 0.35 5.47 0,23
6 th 2.73 0.04 4.75 1 . 0 1 1 1 . 7 6 0,17
7 th 4.45 - 9.46 1.91 25.36 0.09
8 th 7 . 0 1 - 13.01 2.17 37.53 0.07
3 th 8.62 14.65 2 . 1 6 43.64Harvest 2.95 ■* 7 . 8 6 1.33 14.91
5th 2.76 0 . 1 1 1.92 0.35 6.71 0,28
6 th 3.55 0.04 5.15 1.27 16.22 0.18
?th 5.53 - 10.37 2.18 24.99 0 , 1 1
8 th 9.42 - 15.92 2.49 34.72 0 , 1 0
9 th 1 2 . 2 1 - 20.18 2.55 47.31 -
Harvest 3.95 ** 12.09 1.28 19.69 ■*

5 tli 3.03 0 . 1 2 2 . 6 6 0.43 7.56 0.33
6 th 3.95 0.05 6*62 1.13 18.11 0.23
7 th 6.89 - 11.89 2.32 30.27 0.14
8 th 10.49 16.69 2.72 44.57 0 . 1 2
9 th 13.52 20.55 2 . 0 1 55.94 *
Harvest 3.99 - 11.87 1.75 21.16 -
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Table 18b# Effeot of nitrogen on the N uptake of different plant organa at different stages of plant growth, 
g/plant

Levels of Month of Organs

g/plant Inflore­
scence

Inter­
nalstalk

Exter­
nalstalk

Fruit Male
bud

ath 2.33 - - - -
0 9th 4.25 0.77 - - -

Harvest - 2.09 1 . 4 8 16.05 0.94

Qth 3.76 - - «•

1 0 0 9th ' 5,64 2.04 mm - -
Harvest - 2.23 1.61 18.57 1 . 1 1

ath 4.09 - - -
2 0 0 9 th 6.72 2.62 - «* -

Harvest - 2.75 1.85 22.79 1 . 0 9

Qth 4.61 e* - - -
3 0 0 9th 6.90 3.20 - - -

Harvest - 3.10 2 . 0 6 24.90 1.15

8 th 6.91 - — • -

400 9 th 6.83 3 . 6 6 - - am

Harvest — 3.26 2.42 29.37 1.14



Summary
Table 18o. Effeot of nitrogen on the I? uptake of different plant

organs at different stages of growth

Uptake of nitrogen, g/plant Levels of ___  _______________ _
nitrogen#
g/plant Cor® Merl- Pseudo- Petiole Laminae Inter- Inflore- Inter- Exter- Fruit Male

stem stem nalleaf
scenes nal

©talk
nal
stalk bud

0 3.37 0.03 5.60 0.81 14.47 0.07 3.29 1.43 1.48 16.05 0.94
1 0 0 4.07 0.05 6.91 1.17 18.19 0 . 1 3 4.70 2.14 1.61 18.57 1 . 1 1
2 0 0 4,62 0 . 0 6 8.53 1.49 23.12 0.14 5.41 2.69 1.85 22.79 1 . 0 9
3 0 0 6.25 0.08 10.94 1.69 ' 24.94 0 .1? 5.76 3.15 2.06 24.90 1.15400 6.9Q 0.09 11.71 1 . 8 6 29.60 0 . 2 1 6.87 3.46 2.42 29.37 1.14
C.B (555) 2.59 2.38 MS 3.80 0.04 - - „ - -
SEa + 0.48 - 0.80 0.73 1 . 3 8 0 . 0 2 - - - ’ - -

Month of sampling
5th 2.25 0.08 1.76 0.31 5.54 0.24 - - - - -
6th 2.85 0.04 4.65 0.88 12.17 0.15 - •» - - -
7th 4.78 - 8.53 1.78 21.85 0.10 - «* — -
0 th 7.52 - 12.70 2.00 33.39 0.10 4.34 — — - -
9 th 8.88 mm 15.99 2.09 42.75 - 5.96 2.46 — - —
Harvest 3.51 — 8.84 1.29 16.68 - — 2.69 1.88 22.34 1.09
C.D (5SS) 1.54 mm 2.59 HS 4.16 0.04 - - - -
SB® + 0.52 - 0.68 0.79 1.51 0.01 - - - mm mm

o
00
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3, DISTRIBUTION OP PHOSPHORUS 

8*1, Phosphorus percentage
i'

S 10 data on the effect of different levels of nitrogen 
and periods of growth on phosphorus content of various organs 
ere tabulated In Tables 19a and b and their summary furnished 
In Table 19c,

Tho results showed that the levels of nitrogen had no 
marked influence on the percentage of phosphorus in com* 
pCQUdostea, petiole, laminae and internal loaf. Unlike in 
the case of nitrogen, phosphorus percentage did not show a 
steady increase in its distribution with increasing levels 
of nitrogen except in oeristem and internal leaf. On the other 
hand the period of growth significantly. Influenced the concen­
tration of phosphorus in corm, pseudostea and petiole. How­
ever, the values failed to indicate any definite trend with 
increasing periods of growth. In general the phosphorus 
percentage of corza, pseudostem, petiole, laminae and internal

t

leaf was higher in the early periods. In laminae and: the 
internal leaf the period of growth had no significant influence 
on the phosphorus content.

Throughout thcvvegetative phase, th© unemerged leaf Vnd 
a higher phosphorus concentration then other parts, while at 
shooting the inflorescence recorded the maximum percentage of 
phosphorus. At harvest the maximum level of phosphorus how­
ever, was noted in the external etalk followed by internal

• 79
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Sable 19a* Effect of nitrogen on the P content of different 
plant organa at different stage a of plant growth, 
% on moisture free baala

XiOTolo of Month of Organa
nitrogen,g/pleat

100

200

300

400

sampling
Cora Meri- Pbsu- Petiole laminae , Xntej

„ , illB>l m

Btdm do a ten
_______ i i i t i i t

nalleaf

5th 0.15 0,15 0.14 0 . 1 0 0.17 0.40
6 th 0 . 1 0 0.57 0.17 0.09 0.17 . 0.517th 0.03 - 0 . 2 0 0 . 1 1 0.14 0.60
8 th 0.07 - 0 . 1 3 0.09 0.15 0.53
9 th ' 0.06 - 0.03 0.03 0.15 •*
Harvest 0*03 * 0.08 0.08 0.16 -
5 th 0.16 0.18 0.15 0.4? 0.19 0.36
6 th 0.03 0.50 0,18 0 . 1 1 0 . 2 1 '0.547th 0.16 • 0.25 0.16 0 . 2 2 0.62
8 th 0 . 1 0 - 0.16 0 . 1 2 0.18 0.599th 0.05 0.03 0.03 0 .14Harvest O.OS ** 0.03 0.09 0.17 •
3th 0 . 1 2 0.24 0.15 0.13 0 . 2 2 0.37
6 th 0 . 1 0 0.55 0.15 0.03 0 . 2 0 0.52
7 th 0 . 1 0 ce 0.15 0 . 1 1 0 . 2 0 ,0.573th 0.03 - 0 . 1 1 0 . 0 9 0.17 0.52
9 th 0,05 * 0.07 0.03 0.15 «
Harvest 0.06 m 0.07 0.07 0,15 -
5th 0.16 0.28 0 . 2 2 0.14 0.19 0 . 2 6
6 th 0 . 1 2 0.55 0 . 2 2 0.07 0.19 0.587th 0 , 1 0 - 0 . 2 1 0 . 1 2 0.23 0.58
0 th 0.07 • 0.13 0*09 0 . 1 9 0.519th 0.05 • 0.06 0.06 0.14 «*
Harvest 0.07 “ 0.08 0.07 0.14 *

5 th 0 . 1 6 0.50 0 . 2 0 0 . 1 2 0 . 2 0 0.61
6 th 0.08 0.37 0.15 O.OS 0.19 0.577th 0 . 0 9 - 0 . 1 9 0 , 1 0 0.18 0,61
8 th 0.07 • 0.14 0.03 0.16 0.52
9 th 0.05 - 0.05 0.07 0.14Harvest 0.06 0.06 0.03 0.15 ' --
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:i

lable 19 b* Effect of nitrogen on the B o on tent of different plant organn at different stages of plant growth, 
on moisture free basic

levels of Month of Organs :i

nitrogen,g/plent sampling Inflore­scence Inter­nalstalk
Exter­
nal
stalk

SVult Male
bud

8 th 0 . 2 6 - • - 1 4j ,
0 9th 0.34 0.15 - -

Harvest - 0.16 0.19 0.13 0 . 3 2

8 th 0.25 - -
1 0 0 9 th 0 . 3 0 0 * 1 2 - -

HerveBt - 0.18 0.26 0 . 1 2 0.28

0 th 0 . 2 2 ** • - : -
2 0 0 9th 0.28 0.13 - -

Harvest m 0.15 0.16 0 . 1 1 0.30
i

8 th 0.24 • • -
i

3 0 0 9 th 0.28 0 . 1 3 - -
Harvest * 0 . 1 2 0.14 0 . 1 2 0.30!
8 th 0 . 2 6 •» -

4 0 0 9th 0.31 0 . 1 2 - m I

r i

Harvest - 0.17 0 . 2 0 0 . 1 2 0.29



Summary

Table 19c® Effect of nitrogen on I? content of different plant organs atdifferent stages of growth
v'/

_ ozi moisture free basisLevels of
nitrogen, "
g/plant Corm £leri- Pseudo- Petiole Laml- Inter- inf lore- Inter- Extsr- Fruit Male

stem a tea nae nal scenoe nal m l  bud
leaf sialic stallc

0 0.09 0.36 0.13 0.09 0.16 0.51 0.30 0.16 0 . 1 9 0.13 0.32100 0.11 0.34 0.15 0.12 0.19 0.53 0.2B 0.15 0.26 0.12 0.28200 0.09 0.40 0.12 0.09 0.18 0.50 0.26 0.13 0.16 0.11 0 . 3 0300 0.10 0.42 0.15 0.09 0.18 0.4B 0.26 0.13 0.14 0.12 0.30400 0 . 0 9 0.44 0.13 0.09 0.17 0.53 0.29 0.15 0.20 0.12 0.30
C.B (5$) HS - US US US m - - - - -
SQa + 0.01 - 0.01 0.01 ■ 0.04 0 . 0 9 - - - - -
Ionth of sampling
5th 0.15 0.27 0 . 1 7 0 . 1 3 0.19 0 . 4 06th 0.10 0.51 0 . 1 7 0.09 0.19 0 . 5 4 - - - - -
7th 0.11 - 0.20 0.12 0.19 0.60 - - - - -
8th 0.08 — 0.13 0.09 0.17 0.52 0.25 — - — -
9th 0.05 - 0.07 0.07 0.14 ** 0.30 0.13 - - -
Harvest 0.07 — 0.07 0.08 0.15 — — 0.16 0.19 0.12 0.30
C.L (5£) 0.02 - 0.04 0.03 US US - - - -
SSn + 0.01 - 0.01 0.01 0 . 0 4 0.03 — — — * —

00ro
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stalk, laminae and fruit. It is interesting to observe 
that the Phosphorus content of male bud was invariably high 
at all levels of nitrogen as compared to other reproductive 
organs of the plant*

8*2* Total uptake of phosphorus

Observations on the total uptake of phosphorus ere 
furnished in Table 20 (Fig* 12)*

I'rom the data it is evident that the levels of nitro­
gen hod significant influence on the uptake of phosphorus, 
except during 6th and 9th months* The higher levels of 
nitrogen (n^ and n^) showed significantly superior values 
in the 9th, 7th, 8th months end at harvest compared to lower 
doses (ng« n^ and i1q). In all the six stages of growth the 
control recorded the lowest phosphorus uptake*

The age of the plant also influenced the uptake of 
phosphorus* The uptake values progrsssivoly increased with 
increasing period of crop growth. As in the case of nitrogen, 
the maximum rate of uptake of phosphorus wae also found to be 
during 7th month, after which gradual reduction wae noticed. 
The rate of increase from shooting to harvest was only upto 
13*6 per cent*

P

6.3. Phosphorus uptake In differeat organa
The data on the uptake of phosphorus in different organs



Table 20. Effect of nitrogen on total uptake of phosphorus, g/plent

Levels of Period, month of sampling
nitrogen,g/plent 5th 6th 7th 8th 9th Harvest

0 0*66 1.09(60.29) 2.15
(97.25)

3-91(01.86)
5.20
(32.99)

5.76
(10.77)

100 0.89 1.32(46.31)
3.02

(128.79)
4.86(60.92) 5.32(9.46) 6.53(22.78)

200 0.82 1.63(90.78) 3.30
(102.45) 4*67(41.52) 5.70(22.06) 5.91(3.68)

300 1.04 1.92(86.40) 3-99(107.81) 5.17(29.57) 5.67(9.67)
6.21(9.52)

400 1.19 1.66(39-50) 3.69
(134.34)

5.38(38.30)
6.10
(13.38)

7.30
(19.67)

C.L (#) 0.21 NO 0.62 0.75 NS 0.69
SE& ± 0.07 0.19 0.21 0.25 0.27 0.23

Notes The figures in parenthesis indicate the rat® of increase in 
totol uptake of phosphorus at each time interval^
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in relation to the different levels of nitrogen and period 
of growth ere given in Tablee 21a and b and their summary 
in Table 21o* ,

ii

The results showed that the levels of nitrogen had a
ii

significant influence in the uptake of phosphorus in organs
i

like corm* peeudoetem and laminae, while in petiole and 
internal leaf the effect was not significant.

i

The variation $n tho uptake of phosphorus in organs 
in relation to the increasing age of the crop was rather 
inconsistent. In general, uptake of phosphorus in oora, 
pseudostem and petiole were at its peak during 8th month 
whereas in laminae inflorescence and internal stalk the 
uptake was maximum during 9th month.

i
,i

la the vegetative phase, maximum uptake was recorded
ii

in toe lamina© followed by peeudoetes, corm and petiole ■ 
cocpared to aerie tern and internal loaf. Similar was toe 
tread at shooting. At harvest maximum up toko of phosphorus 
was noted in fruits followed by laminae and psoudooteb as

i
in tho case of nitrogen.

A comparison of the phosphorus content in the vegeta­
tive and reproductive plant parts at the time of harvest 
revealed that at all toe levels of nitrogen, the reproductive 
parts contributed higher phosphorus content compared .,to 
vegetative plant parts. ii

<ii1
n



86

Table 21a. Effect of nitrogen on the 1? uptake of different
plant organs at different stages of plant growth,. g/plant

Levels of Lionth of 
nitrogen, sampling 
g/plant

Organs

Cora Heri-stem ?eeu~dootem Petiole Laminae Inter­
nalleaf

5th 0.20 Qe002 0.14 0.02 0.29 0.02
6th 0.13 0.006 0.34 0.04 0.52 0.02

n 7th 0.28 « 0.90 0.11 0,85. 0.01
V Oth 0.56 - 1.14 0.13 1.76 0,01

9th 0.45 • 0.92 0.13 2.30 -
Harvest 0,18 — 0.63 0.08 1.57 —
5th 0,22 0.015 0.22 0.03 0.33 0.036 th 0.17 0.006 0.42 0.04 0.67 0.02100 7th 0.28 - 1.18 0,17 1.37 0.028 th 0.51 - 1.36 0.18 2.27 0.029th 0.33 - 0.99 0.16 2.48 -
Harvest 0.22 " 0.89 0.10 1.80 —
5th 0.14 0.007 0.16 0,05 0.46 0.036 th 0.22 0,008 0.39 0.16 0.82 0,03200 7th 0.35 ** 0.92 0.16 1.88 0.026th 0.44 - 1.09 0.16 2.49 0.01' 9th 0.44 - 0.98 0.17 2.81 -

Harvest 0.16 •» 0,69 0.09 1.62 —

5th 0.26 0.011 0.24 0.03 0.46 0.036 til 0.33 0.007 0.60 0.05 0.90 0.04500 7th 0.34 - 1.26 0.15 2.23 0.023 til 0.47 - 1*34 0.16 2.63 0.02
9 til 0.46 - 0.78 0.14 2.91 -
Harvest 0.26 0.82 0.09 1.72 **

5tH G.29 0.026 0.25 0.03 0.53 0,076th 0.24 0.005 0.43 0.05 0.88 0,04
ADO 7th 0.45 - 1 . 3 0 0.13 1.99 0.03Oth 0.51 «» 1.33 0,15 2.70 0.029th 0.48 »p 0.82 0.16 3.13 e*

Harvest 0.22 •» 0.76 0.13 2.20
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Sable 21b. Effect, of nitrogen on the P uptake of different 
plant organs at different stages of plant growth, 
g/plant

levels of Month of Organs
nitrogen,g/plant sampling Inflore­

scence
Internalstalk

External
stalk

Pruit Mai©
bud

Oth C.51 — — - •am

0 9th 1.03 0.39 - - •»

Harvest 0.29 0.20 2.62 0.19

8th 0.53 a» - -
100 Qth 0.97 0.34 - -

Harvest - 0.32 0.33 2.68 0.19

8th 0.46 - - - «*

200 9th 0,90 0.40 - - -
Harvest 0.30 0.21 2.65 0.19

Qth 0.55 - - -

300 9th 0.99 0.40 - - -
Harvest - 0.27 0.17 2.67 0.20

8th 0.66 - *• - -
400 9th 1,12 0.39 - -

Harvest - 0.41 0.24 3.15 0.19



Table 21c, Effect of nitrogen on the P uptake of different plant organ©
at different stage© of growth

Suiamary-v"''

Uptake of phosphorus, g/plant
oitrogen,g/plant Corn Meri- Pseudo- Petiole Xaalnse Inter­ Inflore­ Inter­ Ezter- Fruit Halestea stem

rTT--„------in—
nal
leaf scence

WlWMIf «<)■ W
nal nal 
etalk stalk bud

0 0.27 0.004 0.68 0.09 1.22 0.02 0.77 0.34 0.20 2.62 0.19100 0.50 0.011 0.84 0.11 1.50 0.02 0.75 0.35 0.33 2.68 0.19200 0.29 0.008 0.71 0.13 1.68 0.02 0.69 0.35 0.21 2.65 0.19^00 0.35 0.009 0.84 0.10 1.81 0.03 0.77 0.34 0.1? 2.67 0.20400 0.37 0.016 0.82 0.08 1.91 0.04 0.89 0.40 0.24 3-15 0.19
C.E <SS£) 0.05 - 0.13 I3S 0.20 KS - - - - -
sian + 0.02 - 0.57 0.02 0.07 0.02 - - 1 - -

Month of sampling
5th 0.22 0.012 0.20 0.03 0.42 0.046th 0.23 0.006 0.44 0.07 0.76 0.03 — — — — —
7th 0.34 1.11 0.14 1.66 0.02 — — - - -
8th 0.46 - 1.25 0.16 - 2.37 0.02 0.55 — - - -
9 th 0.44 • 0.90 0.15 2.73 - 1.00 0.33 - - —
Harvest 0.21 — 0.76 0.10 1.78 — — 0.32 0.23 2.75 0.19
O.U (5$) 0.06 - 0.15 0.05 0.21 m - - - - -
SSn j* 0.02 - 0.40 0.02 0.00 0.02 - - - - -
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9. DISTRIBUTION OP POTASSIUM

9.1. Potassium percentage

Potassium content of different plant parts at diffe­
rent stages of growth are furnished in Table© 22a end b and 
their summary in Table 22c.

The varying levels of nitrogen could not bring about 
any significant difference in potassium content of corn, 
petiole and laminae. But the levels of nitrogen signifi­
cantly influenced the content of potassium in the psoudostem. 
In this organ the level of 100 g H/plant resulted in til©
highest content of potassium, which was significantly superior

°v>than that, the other levels of n i t r o g e n c . o ^ - . 0\ .

An analysis of the data on the influence of periods 
on the potassium content of plant organs showed that th© ago 
of th© plant significantly influenced the concentration of 
this nutrient. In general potassium concentration decreased 
progressively with the age of the plant In all the organs 
except in com. Boring vegetative phase th© level of pota­
ssium was found maximum in pseudostem at all levels of 
nitrogen followed by merietsm, petiole, com and internal 
leaf. But at Bhooting and at harvest maximum percentage 
of potassium was found in the internal stalk.
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Table 22a, Effect of nitrogen on the K content of different plant organs at different stages of plant growth, 
$ on moisture free baeis

OrgansLevels of Month of 
nitrogen, g/plant sampling Corn Meri-

stem
Pseu­
do stem

Petiole Laminae Inter­
nalleaf

5th 6*93 7.69 9.15 6.83 4.43 5.22
6 th 6.35 3*46 10.16 6.93 3.63 7.29
7th 6.34 - 9.42 5.64 3.89 6.38
8th 5.35 - 7.01 4.43 3.21 5.46
9th 4.35 - 4.60 3.32 2.53 —
Harvest 10.29 ” 6.73 3*54 2.26

5th 6.18 6.97 9.38 7.59 5.77 5.42
6 th 6.33 3.65 10.33' 7.35 5.70 7.51
7 th 7.34 - 9.05 6.36 4.31 5.91
8th 5.70 - 7.11 4.88 3*64 5.79
9th 4.22 4*83 3.38 2.96 -
Harvest 9*33 5.89 2*55 2.07

5th 5.51 7*62 8.70 7.29 5.36 5.45
6th 6.85 7.57 9.81 6.37 3.54 6.10
7th 6.63 - 8.73 4.65 3.62 6.193th 5.14 *s» 6.77 3.98 3.37 5.45
9th 3.59 - 4.76 3.30 3.10 **
Harvest 7.45 — 4.33 3.05 2.07

5th 6.70 6*64 9.23 6.97 3.64 4.86
6th 5.44 7.41 8.97 5*46 2.79 6.01
7th 7.74 - 8.63 6.09 3.37 6.27
8th 5.50 6.82 4.32 2.97 5.36
9 th 3.67 - 4*60 2.54 2.26 -
Harvest 6.56 “ 5.20 2*53 1.87 •

5th 7.44 6.73 8.27 7.36 3.45 6.39
6th 5.27 6.18 7.20 4.14 2.10 5.41
7 th 5.36 — 7.69 4.31 3.58 5.73
8th 4.43 - 5.79 3.61 3.12 4.35
9th 3.51 - 3.89 2.21 2.66
Harvest 4.95 — 4.40 2.59 2.18 *»

0

100

200

300

400
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Sable 22b* Effect of nitrogen on the EC content of different 
plant orgone at different stage8 of plant growth, 
#'on moisture free basis

levels of Month of Organs
nitrogen,
g/plant sampling Inflore­

scence
-Internal
stalk

External
stalk

Fruit Male
bud

8th 7.29 - - - -

0 9 th 5.09 5.35 - - -
Harvest - 10.56 7.46 1.60 4.21

8th 7.31 mt - -

100 9 th 4.79 5.67 - -

Harvest . 11.43 6.53 1 . 6 0 4.32

8th 6.84 — - -

200 9th 4.63 4.59 - - -

Horveot - 9.Q0 6.3Q 1.67 4.12

8 th 6.77 - - — -

300 9th 4.53 4.45 - - -
Harvest * 7.50 7.08 1.52 4.32

8th 6.29 - «b - -

400 9th 4.36 3.92 ttm - -

Harvest - 8.08 6.50 1.37 3.90



\

Table 22o.

Summery

Effect of nitrogen on the E content of different plant organs
at different stages of growth

levels of K % on Moisture free baeie
nitrogen,g/plant Cora Merl- Pseudo* Peti­ Lami­ Inter­ Inflo­ Inter­ Exter­ Eruit Male

atea stsn ole nae nal rescence nal nal bud
leaf stalk stalk

0 6.61 3.08 7.77 5.12 3.33 6.09 6.19 7.96 7.46 1.60 4.21
100 6.53 7.81 7.85 5.35 3.74 6.16 6.05 8.55 8.53 1.60 4.32
200 5.86 7.60 7.19 4.77 3*51 5.78 5.74 7.20 6.38 1.67 4.12
300 5.94 7.05 7.20 4.65 2.90 5.63 5.55 5*93 7.08 1.52 4.32
400 5.16 6.46 6.21 4.12 2.85 5.61 5.33 6.00 6.50 1.37 3.90
C.B (53) HS - 0.45 HS HS 0.10 - . - - -
saa + 0.40 - 0.16 0.31 0.35 0.29 - - — —

Month ofsampling
5th 6.56 7.13 8.95 7.21 4.53 5.47 - - - - *
6 th 6.04 7.65 9.24 6.05 3.16 6.46 — - — —
7th 6.6© — 8.71 5.51 3.85 6.11 — — — — •
©th 5.24 — 6.70 4.25 3.26 5.38 6.90 — — *
9th 3.87 4.54 2.95 2.70 — 4.64 4.80 — •
Harvest 7.72 - 5.31 2.85 2.09 - - 9.47 7.19 1.59 4.17
C.B (53) 1.28 - 0.25 1.02 1.13 0.81 - - - — —
SSa ± 0.44 - 0.17 0.35 0.39 0.20 - - — — —

________ — w « — — --- - ---- ■— -
toto
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9.2. TOTAL UPTAKE OP POTASSIUM

The data on the total uptake of potassium are presented 
In Table 23 (Fig. 13). Tho various levels of nitrogen failed 
to show any response on the uptake of potassium during 6th.
9th months and also at harvest. However* during the Sth, 7th 
end 8th months the highest level of nitrogen found to exert 
significant influence on the uptake.

With respect to the stages of growth the highest rate 
of uptake of potassium was seen during 7th month (mean increase 
of 113.23 per cent over the previous period). The sane was 
the trend with nitrogen and phosphor us also. Towards harvest 
the potassium uptake declined et all levels of nitrogen ex­
cept in the control.

9.3. Potassium uptake In different organs

The data on the uptake of potassium in different organs 
as influenced by different levels of nitrogen and the stages 
of growth are furnished In Tables 24a end b end their summary 
in Table 24c.

The data indicated that tho potassium uptake in the 
various vegetative plant parts except in pseudootem were 
significantly Influenced by different levels of nitrogen.



Sable 23. Effect of nitrogen on total jap take of potassium, g/plant

Levels of Period, month of sampling
nitrogen,g/plcnt 5th 6th 7th Qth 9th Harvest

0 26,55 45.15(41.20) 94.51(109-32)
144.61(53.01) 161.51(6.12) 171.40

100 29.94 52.77(76.25) 107.57
(105.65)

160.59(49.29) 180.69(12.52) 175.61
200 27.00 60.76(125.04) 116.24

(91.31)
165.26
(42.17)

190.28
(15.14)

158.56
3 0 0 30.36 57.36 (88.81)

127.40(122.10) 170.64(33.94)
180.77
(5.94)

170.09
400 33.46 51.06(52.60) 127.55(149.60) 173.25

(35.63)
187.56(8.26) 169.12

C.B (5£) 4.79 HS 2 2 . 0 3 18.28 KS HS
SEa £ 1.59 4.52 7.35 6.10 12.67 8.47

Hotes She figures in parenthesis indicate the rate of increase 
in total uptake of potassium &t each time interval.



There was increased uptake of potassium in corn, aerietea, 
laminae, internal leaf and inflorescence at the highest

levels of nitrogen applied* But in other organa no such 
trend wss observed*

■

The data on the effect of periods of growth on the 
potassium content of organs indicated that age of the plant

i
significantly influenced the uptake of this element. In 
general, potassium uptake decreased progressively with the 
ago of the plant* The uptake of the vegetative organs at

'i
harvest were significantly lowest as compared to the values

iat other periods*

During vegetative and shooting phases potassium up­
take was maximum in pseudostem followed by laminae and com. 
At harvest maximum potassium content was contributed by 
pseudoatem followed!.by fruits, laminae and com.

On a general analysis of ft, P and K uptake it will be 
scan that nitrogen and phosphorus uptake were maximum in the 
leaves during vegetative phase and in fruits during reproduc­
tive phase* But in the case of potassium, the maximum uptake 
was noted in pseudoBtem both in the vegetative and reproduc­
tive phase.
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Table 24a, Effect of nitrogen or* the K uptake of differentplant parts at different etagoo of plant growth,g/plant

levels of Month of 
nitrogen, sampling 
g/plant

Organs

Corn Mori-
stern

Pseu-
doetem

Petiole laminae Inter­
nal
leaf

5th 9.14 0.13 7.85 1.31 7-79 0.33
6th 11.05 0.09 20.00 2.60 1.1,00 0.27

A 7th 21.60 - 43.15 5.73 23.85 G.16
■ U 8 til 27-80 - 58.69 6.24 37.54 0.12

9th 32.08 - 56.04 ,5.89 3.8.70 «*

Harvest 23.40 54.36 3.63 23.02 ■*

5th 6.43 0.18 7.78 1.49 11.66 0.39 .
6th 13.73 0.12 23.48 3.19 11.97 .0.29

100 7 th 23.74 - 45.64 ,6.68 31.32 0.19
6th 29.86 - 62.03 7.51 46.55 ,0.16
9th 31.59 - 53.93 6.90 51.33 -

Harvest 26,66 — 53.02 2.99 22.35

5th 6.79 0.21 7.19 1.48 10.90 0.43
6th 15.32 0.12 26.51 3.58 14.88 0.35

200 7th 22.93 - 53.30 5.75 34.09 0.17
8th 30.55 - 65.79 6.79 47.78 0.14
9 th 30.20 - 63.62 7.15 59.93 -

Harvest 22.52 — 40.16 3.80 22.39 —

5th 10.93 0.31 8.34 1.49 8.81 0.50
6th 14.87 0.11 25.15 3.52 13.34 0.36
7th 27.23 - 54-97 7.68 37.29 0.23J u v 8th 36.99 — 68.05 7.80 42.12 0.199th 36.14 - 62.57 6.05 46.92 •n

Harvest 23.45 — 55.99 3.19 23.63 **

5th 12.97 0.34 9.11 1.67 Q.39 0.756th 15.59 0.11 21.19 2.57 11.20 0.41
Ann 7th 26.71 - 55.03 6.14 39.44 0.234 w 8th 33.04 64.49 6.50 52,40 0.20

9th 35.14 - 58.43 5.52 59.59 -

Harvest 16.26 — 53.53 4.08 32.74



Table 24b. Effect of nitrogen on the K uptake of different 
plant parts at different stageb of plant growth, 
g/plant

Organslevels of Month of
nitrogen, sampling ... ........ ... ............  ... .— ~g/plont Inflore- Inter- Ester- Fruit Mai©

scenes nal nal bud
stalk stalk

8th 14.21 - -
0 9th 15.65 13.16 - -

Harvest - , 18.77 8.21 37*45 2.52

8th 14*44 - “
100 9th 15.33 16.01 - -

Harvest - 21.02 10.68 35.91 2.90

'8 th 14.21 - ~
200 9th 15.06 14.32 - -

Harvest - . 19.38 3.83 30.81 2.67

8th 15.49 - -
300 9th ’ 15.05 14.04

Harvest - 17.98 8.87 34.88 2.87

8th 16.61 - -
400 9th 16.02 12.67

Harvest - 18.81 8.56 30.64 2.46



Table 24c o Effect of nitrogen on the K uptake of different plant organs
at different stages of growth

Summary

levels of Uptake of potassium, g/plant
nitrogen, —  ' r-'r_’ — 1...... n".. ...
g/plant Corn Seri­

ates
Peeudo-
stem

Petiole Lami­
nae

Inter­
nal
leaf

Inflore­
scence

Inter­
nal
sta lk

Exter­
nal
stalk

Fruit Male
hud

0 20.85 0.11 40.02 4.27 23.65 0.22 14.93 15.97 3.21 37.45 2.52
100 22.34 0.15 41.83 4.79 29.28 0.26 14.91 18.52 10.68 35.91 2.98
200 21.39 0.17 42.76 4.76 31.66 0.27 14.64 16.85 8.83 36.81 2.67
300 24.94 0.22 45.85 4.96 28.69 0.32 15.27 16.01 6.87 34.88 2.87
400 25.78 0.23 43.63 4.45 33.96 0.40 16.32 15.84 8.56 30.64 2.48
C.D (5$) 2.87 - HS 0.55 4.27 0.10 - - - '

SEa + 1.04 1.61 0.20 1.55 0.03 » - - -
Month of 
sampling
5th 9*65 0.23 8.05 1.53 9.51 0.48
6th 14.11 0.11 23.27 3.13 12.48 0.34 - - - - -
7th 24*44 - 50.42 6.40 33.20 0.20 — — — -
8th 31.65 - 63.32 6.97 45.23 0.16 14.99 - - —
9th 33.03 «■ 59.93 6.30 51.39 - 15.43 14.08 - - -
Harvest 22.87 - 51.41 3.54 24.83 — *• 19.19 9.03 35.54 2.70
C.D (5$) 3.12 - 4.86 0.59 4.66 0.09 - - - - -
SEa + 1.13 — 1.76 0.21 1.69 0.03 — — — •» *

to
00

I



10. EFFECT OF LEVELS OF NITROGEN OH THE PEHCEHTAGS 
OF H, P AND K IH INDEX LEAF (THIRD LEAF) AT 
SHOOTING

Results on the analysis of H, ? and K concentration 
in the third leaf at the time of shooting are presented 
in Table 25.

The levels of nitrogen showed significant diffe­
rence on the percentage of nitrogen in the index leaf 
at the time of shooting. Maxima nitrogen concentration 
was noted under the treatment receiving 200 g H/plent 
followed by 100 g N/plant which were significantly superior 
to control.

With respect to concentration of phosphorus although 
the trend was similar as in the case of nitrogen, there 
was no statistical difference between the treatments.

Concentration of potassium also showed significant 
variation among the treatments and the maximum value was 
noted in B+, which was significantly superior to Hq and n^« 
Thus the maximum percentage of H, ? and K was observed in 
plants which received 200 g H/plsnt.

11. YIELD RESPOUSE TO DIFFERENT LEVELS OF NITROGEN

Analysis of variance ‘ for the yield response to 
different levels of nitrogen are presented in appendix XXI.
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Table 25. Bffeot of nitrogen on n u t r i e n i o f
K, P and K in index leaf at the tlne-of shooting, $

levels of 
nitrogen, 
g/plant

H P K

0 1.33 0.14 2.12
100 2.02 0.16 2.50
200 2,03 0.17 2.76
300 1.61 0.14 2.65
400 1.47 0.15 2.05

C.D (5$) 0.55 HS 0.38
SIM + 0.18 MB 0.13

Table 26# Eoononics of nitrogen application under rainfed 
conditions, per hectare

levels of 
nitrogen, 
g/plant

Yield,
kg

Incone,
© fr. 0.80/kg

Cost of H, 
CJ Rs.4/kg

Profit,
He.

0 21,400.04 17,120.67 0 17,120.67
100 23,494.64 18,795.71 881.60 17,914.11
200 24,437.95 19,550.36 1,763.20 17,787.16
300 24,305.71 19,444.57 2,644.80 16,799.77
400 23,366.81 10,693.45 3,526.40 16,566.95
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The response was found to be quadratic ao the quadratic
component of treatment cum of. squares was otatietically
significant (Pig. 9)* A quadratic response curve of the

2type Y ■ a + bH + cN was fitted to find out the optiaua 
dose of nitrogen. The optimum dose of nitrogen was cal­
culated as 204*6 g/plant. The economic dose was however 
found to be 96 g S/plant.

J1*1. Hconomics of nitrogen application

Economics of cultivation of palsyankoden with 
varying levels of nitrogen under rainfod condition was 
worked out and the same. is furnished in Table 26.

The economics of cultivation was analysed by 
fitting a quadratic response function eo ao to find out 
maximum profit/ha. In this analysis the quantity of 
nitrogen alone‘was taken as the input factor since all 
the other factors were assumed to.be uniform for the 
plots in the lay out. The output factor consisted the

i
bunch weight of banana.

' *It will be found that beyond the nitrogen level of 
100 g £/plant the profit would decline, considerably. The 
aost profitable doss of nitrogen worked out for palsy ea- 
kodan under rainfod conditions is thus 96 g H/plant.

I i:



12. CHEMICAL AHALYSIS OP THE SOIL API EH HARVEST OP ' .
THE CROP

Data on total nitrogen content, available phosphorus
‘ i1

and available potassium after harvest of the crop are
»i

presented in Appendix XXII.

The results of the final soil analysis of the
r

different treatments in relation to the analysis before 
the crop showed considerable depletion of nitrogen*1 The

'idepletion of nitrogen was more in the control plots end
'i

in the plots which received lower level© of nitrogen 
application* The P end K content of the soil remain®** 
unchanged.
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DISCGSSIQH

Eutritiona! requirement of banana hao been one1 ofI
the major aspects of study in the past in all important 
banana growing regions of the world. Major eaphaoie, 
however * had been on irrigated banonae often limiting to 
coamercial cultivate such as Groo Michel, Lacatsn and 
Robusta. In Kerala aleo most of the investigations' done 
so far in banana uero on Nendran and Hobueia cultivars

i
under irrigated conditions. The fact that 80 per cent of 
the banana grown In Kerala are under rainfed conditions 
emphasises the necessity for concerted research work on 
rainfed bananas. Proper recommendations on nutritional 
needs in bananas under ralnfed conditions have not been 
possible duo to lack of adequate experimental results* 
Among the major elements, nitrogen and potash have been 
found great demand by several workers (Groucher and 
Mitchell* 1940$ Summerville, 1944s Herdlav, 1961 and 
Venkateeam* 1965) for growth and development of banana.

i
In the absence of any information on the individual nutri- 
Mortal needs of rainfed bananas it become necessary to 
commence detailed studies with individual major nutrients 
than with their combinations*
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The present investigations on nitrogen nutrition hove 
thrown light on the nitrogen needs and uptake pattern of 
rainfed banana cv, Paleyankodan, The aalient results ere 
discussed hereunder*
Effect of nitrogen on Morphological characters

The effect of nitrogen is immediately sumifested on 
the vegetative vigour of the bananas* The increased vege­
tative vigour of 1&e plants in terms of height, girth of 
pseudostem, length of petiole, number of functional leaves 
and leaf area with increasing levels of nitrogen is a clear 
expression of the effect of nitrogen on the early phase of 
plant growth* Increase in plant height in banana due to 
nitrogen application have been reported by several workers

i

(Croucher end Mitchell, 1940; Butler, 1960; Battikhah and 
Khalldy, 196S; Venkateoaa et,al.« 1965 and Arunachalan 
et al,f 1976),

Unlike in toe case of pleat height, too girth increase 
woo evident only upto 200 g g/plant* The increase in girth 
flue to nitrogen application has been repor ted by Battikhah 
and Khalidy (1962) and Arunachalaa et al* (1976)* It is 
interesting that toe yield increase as discussed elsewhere 
wac also found to be maximum at 200 g H/pl&nt* The manifes-

1

tod vigour in terse of increased girth of toe plant thus 
appears to be a factor responsible for yield increase* 
Haseelo (1961) end Vcnkatasaa et al. (1965) also observed 
that the increase in girth of toe pseudo stem was directly 
related to ultimate yields in banana*
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Vhllo tbs TogetatiVB vigour ehowed a gsssral lnorease 
with the levels of nitrogen, the expression was more evi­
dent during certain periods* The rats of increase in moot
of the vegetative parameters was maximum during the period

!
commencing from 6th month onwards* The fertiliser appli­
cations were made during the third and fifth month i«e*t 
during the vegetative phase. The factors that would have 
contributed for the increased vigour of plant during the 
above period appears to be due to the increased uptake of 
nutrients during this period* Tho soil moisture availabi­
lity might alco bo reckoned as a factor for the increased 
uptake which in turn was perhaps responsible for the increa­
sed vigour of the plant* Soil moisture statue improved with 
the receipt of showers in May*

The functional leaf is a major parameter which .con­
tributes to the ultimate yield of a plant* In the present

i
study it was found that the Increase in leaf number was 
significant up to 6th month* There was no significant di­
fference in leaf number at shooting* The factors influencing 
the number of leaves are the rate of leaf production and 
rotentivity of leaves* Croucher and Mitchell (1940),
Katyal and Chadbe (1961)* Battitchah end Khalidy (1962) and 
Venkatesaa et al* (1965) observed that .increase in nitrogen

ilevels increased the number of leaves* The decrease in the 
functional leaves at shooting seems to have been compensated 
by an increased leaf area* The leaf area significantly



increased during the 7th month* The’ increased uptake of 
nutrients during this stage night also have contributed 
to the larger leaf area* thus the effect of nitrogen 
appeare to be more predominant on leaf else before shoot­
ing than on the number of leaves*

It is thus clear that nitrogen markedly increased 
the vegetative grow to, which might be attributed to the 
absorbed nitrogen combining with carbohydrates synthesised 
by leaves^vhich ultimately led to the formation of complex 
nitrogenous substance ouch as proteins and amides to build 
up new tissues (Cloypool, 1936 and Childers, 1966)*,

Although toe increased levels of nitrogen resulted
!

in an increased vegetative grow to there appears to be a 
limit beyond which toe vigour is relatively less expressive*
This is clear when toe relative growth rate of pseudoetem/
height, length of petiole and leaf area receiving different 
levels of nitrogen are taken into consideration* Decreased 
growth rate with increasing levels of nitrogen in irrigated 
banana was reported by Hasselo (1961) and in litchi. 

j (Sites cvfc al*, 1959 and Joiner, 1960)* In the present 
study toe relative growth rate was worked out to be.naximum 
at 100 g H/plant beyond which on extrapolation of too grow to 
curve a decreasing trend on growth was noticed* '
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The crop duration was also found to depend upon the 
nitrogen dosee. The total crop duration was maximum withI
the highest level of nitrogen. The influence of higher 
dooes of nitrogen on the crop duration was more evident 
between shooting and harvest than during pre-shooting 
period. In other words, the reproductive and fruit 
development phases are further pushed with increasing 
levels of nitrogen. The earlineas of cropping In banana 
ae reported fcgr Croucher and Mitchell (1940), Bhan and 
Hstfumdar (1956), Simaonds (1999) and Jagirdar et al. (1963) 
was not found in the present study. The inevitable! con­
clusion for the delay in harvest due to the highest level 
of nitrogen may be accounted for the supra optimal level 
of nitrogen diverting carbohydrate into vegetative growth 
and lowering the levels of other nutrients in the vegeta­
tive tissue (Black, 1963). Belayed fruit maturity due to 
higher levels of nitrogen has been reported in Ho busts

i
banana grown under irrigation by Xianaerwaay and 
Uuthukrishnan (1973) and in pineapple (Su, 1937s ?ov, 1939s 
Kvong ot el.. 1966 and Gangadhara Hao et el. ,1974).

Effect of nitrogen on yield and yield attributes

The effect of nitrogen on yield attributesis also 
clear from the present study. In bananas it is well 
established that the vigour during the vegetative phase
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has a direct relationship to the yield (Suaaervillo, 1944)* 
There are several reports on increased yield due to nitrogen 
application (Bhen and Majuadar, 1956} Simaonds, 1999} 
Venkateea* et al,, 1965} Toaobia and Dubey, 1971 and 
Arunachalaa et al. ( 1976), Howeverv it is the optimal dose 
that counts for economic fertiliser application without 
effecting the yield* She results of the present study indi­
cate that for rainfed bananas the nutritional requirement 
is comparatively lowathan for Irrigated plants* A does of 
200 g H/plant gave maximum yield* She optimum and economic 
quantity of nitrogen required for the crop worked out from 
this experiment was 204*6 g and 96 g/plant respectively,
Shis points out to the fact that the nutritional needs of 
reinfed bananas vary markedly from that of an irrigated 
crop* The irrigated bananas have comparatively uniform soil 
moisture regime during the vegetative phase which enhances 
tli© uptake of nutrients* Utilisation of nitrogen when 
applied beyond optimum licit was perhaps used for extra 
vegetative growth* Excessive nitrate accumulation la 
another factor limiting the yield (Parr, 1967)* Banana 
thus responds to nitrogen; but beyond a certain level the 
benefits are not proportional (Hadhava Rao, 1973)*

She yield in banana Is a combined effect of factors 
like number of hands, number of fingers in a hand, girth



and also of the fingers (SiaaondBt 1959} Venkatesaa 
et al., 1965 end Arunachalan et al., 1976)« Any of 
these paraaetere aey el bo play a prominent role depending 
upon environmental cord it Iona# In the present study the 
faetore that Influenced the yield was found to toe the

i
weight and girth of the finger. ©ie increase in the num­
ber of hands and fingers reported in Irrigated bananas 
(Bhon and Msjumdsr* 1956 and Katyal and Chadha, 1961) was 
not found in the present study. This shows that in reinfed 
banana the possibility of increasing yield attributes like 
lumber of hands and fingers have possible limitations. The

• i
inbalanced soil moisture regime would have affected flower 
bud differentiation and the early phase of bunch development.

Nitrogen markedly improved the quality of fruits in
.  i

reBpeot of total soluble solids• total sugars» reducing 
end non-reducing sugars. An increase of 5.2 per cent in 
T.S.8. and 17.03 per cent in reducing sugar over control 
was found at 200 g ft/plant. The total Bugars on the! other 
hand Increased even upto the level of 300 g ft/plant.; The

i

sugar/acid ratio also increased upto 200 g H/plant. / The
non-reducing sugar fraction was highest in the control!
which indicated a qualitative reduction. On an overall 
analysis of qualitative parameters it was found that the 
lsvel of SCO g M/plant was superior than the rest. In­
crease in sugar content and T.S.S. due to medium doee of



nitrogen has been reported in several fruits OUj jar and 
Chand, 1969} Doeai and Phadnie, <1979 in grapes; end 
Bhattachary© et al., 1973 in Kagzi line)* The qualitative 
improvement with nitrogen application might be attributed 
to the promotive effect in the process of photosynthesis 
and stimulated function of several enzymes in the physio-

i

logical process of fruit development (Singh, 1975)* The 
qualitative parameters like acidity and ascorbic aoid 
content, however, weve little affected by nitrogen ferti­
lisation* Moreover, they were found to be inconsistent* 
Such inconsistency in acidity and ascorbic acid content 
have been reported in several fruits* Increase in nitrogen 
levels resulted in increased acidity in pineapple and 
grapes (Tay, 1972} Nijjar and Chand, 1969 and Smith, 1967)* 
On the contrary higher levels of nitrogen decreased the 
acidity in pineapple and grapes (Su, 1957} Py* 1933 and 
Hijjar and Singh, 1979)*

Pry matter production
v

The pattern of growth and dry matter accumulation 
observed in the present study indicated that the active 
vegetative phase of the crop Is confined to the period 
from 9th to 9th son the during which the dry matter 
accumulation increased from 505*8 g to 4957*3 g/plant*



Of the different periods examined* the dry matter pro** 
duclion between 6th and 7th months was at its maximum* 
the rate of Increase being 101*33 per cent* The rate 
of growth in tense of dry matter production declined 
at harvest probably due to the utilisation of the 
nutrients and the subsequent metabolic changes for the
development of fruits rather then vegetative growth.

»
Such a decrease in the rate of accumulation of dry matter 
during fruit development has been observed by Tvyford 
and Walasley (1973).

The total dry matter accumulation at harvest* in the 
present study ranged only from 4*39 to 3*88 kg/plant*
These figures are comparatively low as compered to the 
dry matter accumulation of 18 kg/plant observed by 
Ballion et al. (1933) and 65 kg/plant recorded igr 
Sfortin-Prevel (1962) in Dwarf Cavendish cultivar of 
banana tried under irrigated conditions* Boland (1966) 
also reported that in the Xacatan cultivar of banana* 
the dry matter accumulation ranged from 4*3 to 10 kg/plant. 
This discrepancy in the total dry matter accumulation 
observed would be assigned to the two probable reasons!
(i) the cultivar tried in the present investigation 
namely 1 Palsy ankodan* is of low vegetative growth as 
compared to the Dwarf Cavendish and Laeatsn cultivar s 
tried by the above investigators (ii) the present experi­
ment was conducted under rainfed. conditions where
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availability of water would have played a decisive role 
in the aocumulation of dry matter as compared to irri­
gated condition© employed by the above workerb*

The result© revealed that the total dry mattor 
content of the plant invariably increased with increasing 
levels of nitrogen in all stage© of growth,, the highest 
level of nitrogen recording 5*88 kg/plemt as compared to 
4*59 kg/plant at its lowest level. This profound in­
fluence of nitrogen in the production of dry matter has 
been observed by a number of workers (Baillon et al. , 1953; 
ivyford and Walmoley, 1973 and Ashokkumar, 1977)* However, 
it should be noticed that the proportion of dry matter 
accumulated as yield out of the total dry matter produced, 
decreased with increasing levels of nitrogen application* 
When the yield of fruits accounted to 45*29 per cent of 
the total dry matter produced in the lowest level of 
nitrogen application, the corresponding value at the 
highest level of nitrogen was only 38.01 per cent. It is 
an established fact that in most of the crops nitrogen 
increases the total dry matter out of proportion to the 
increase in yield (Tisdale and Nelson, 1971).

The influence of nitrogen levels and stage of growth 
on the distribution of dry matter content was also evident 
in the present study* In laminae, corn, pseudoetem ©nd 
petiole a steady increase in the dry matter content was



noticed upto shooting which thereafter declined* Such 
decrease in the dry matter content in these organs after 
shooting has also been observed by Tvyford and 
Waleeley (1973)* After shooting the rate of growth of 
til© vegetative organs was at a lower rate which might not 
be sufficient to overcome the loss of dry matter due to 
senescence; thus resulting in a decrease in the total dry 
matter content recorded at this stage.

Imtriont uptake

The uptake of nitrogen by the plants showed an 
increase up to shooting which declined at harvest (Table 17). 
Moraslly the uptake of nitrogen will continue. to increase 
upto harvest though the rate of increase in the last stage 
may be nominal* The decrease in the uptake at harvest
observed in the present study could be attributed to the

-u ,loss of older dried leaveo due^senescence during the last
stage of crop growth. Being a mobile element translocation 
of nitrogen from the mother plant to its suckers ©specially 
after shooting might also possible. Ashokkumar (1977) 
also reported a decline in the nitrogen uptake after shoot­
ing in Hobusta banana. The rate of uptake of nitrogen was 
the highest at 6th month (Table 1?) after which it decreased 
with increasing period of crop growth. Similar trend of 
nitrogen uptake was also observed by aery workers 
(Summerville, 19445 Tvyford and Walmeley, 1974b and 
Veerannah ot al.. 1976).
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As expectedt nitrogen uptake increased with increas­
ing levels of nitrogen* Tho increased uptake did not

i

however correspond with yield* The increase in yield 
was only upto the level of 200 g H, after which there

i
was in fact a decline* The utilization of the extra 
nitrogen taken by the plant was therefore evidently ; used 
only for the growth of vegetative organs*

The distribution pattern of nitrogen in the various 
organe showed that the nitrogen uptake was m&xiaua in 
laminae during vegetative phase* At horveot, however« 
fruits contributed for the maxinun uptake* The developing 
Inflorescence and fruits being powerful slake, traneloca- 
tion of nutrients to these organs seems to be natural*

iThe uptake of phosphorus was high at shooting as well 
as at harvest* In general, uptake increased with the 
advancement of growth of plants and with nitrogen levels*

i
The rate of phosphorus uptake as in the case of nitrogen 
was more in the vegetative phase and pronounced in the 
laninae.

Mar tin-Prevel (1964), Walnsley and Tvyford (196B) 
and Veerannah et al. (1976) recorded similar result© in 
irrigated banana and concluded that the uptake of phos­
phorus was more pronounced during the period from 3rd 
month after planting to flower initiation*

i
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the potaosium uptake of the plant was much higher 
compared to nitrogen and phosphorus which woe on out* 
stending feature of the whole nutrient uptake pattern* 
fhie phenomenon could he attributed to the role of 
potassium in the syntheele of sugars and voter transport* 
The uptake of potassium decreased after ehootlng as in 
the case of nitrogen. The distribution pattern of pota­
ssium showed that pseudostem ie the organ where maximum 
accumulation occurred for this element* In all stages 
of grow to, pseudostem tissue was distinct with its maxi*

t
mum uptake*

In the present study* toe loaf nitrogen concentration 
in the third leaf at shooting ranged from 1*33 to 2*08 
per cent depending upon the levels of nitrogen applied*
The maximum percentage of nitrogen was found at 
200 g H/plent. Higher doeoo of nitrogen thus do not 
appear to Influence toe nitrogen status in toe index leaf* 
In fact it caused a reduction* Bamaeveay and 
Hutoukriehnan (1974 a) also obtained similar results for 
irrigated Bobueta banana* The coefficient of correlation 
(r « 0*107) between the nitrogen content of toe index leaf 
and toe total yield was examined* Tho value wae not 
found significant indicating that toe validity of toe 
* Index leaf* for tissue analysis in roinfed banana 
ov* Palayankodon is to be confirmed by further investi­
gations.
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The range of nitrogen percentage in the third leaf 
has been found to be influenced by agroclimatic con­
ditions, variety and soil nutrient statue* In irrigated 
banana the critical levels for nitrogen have been worked 
out ae 2,6 per cent for Lacatan and Dwarf Cavendish 
(Hewitt, 1955; Hewitt and Osborne, 1962 and hurray, 1960). 
For the variety Eobusta, Kanaswamy and Muthukrishnan (1974a) 
suggested a critical value 3«29 per oent whereas 
Vadivel (1976) reported 1.72 to 2.3 per cent.

As far as phosphorus was concerned its concentration 
was within the level of 0,14 to 0.17 per cent* In bananas 
phosphorus concentration in the index leaf is generally 
between the range of 0,07 to 0 . 1 9  per cent (Hewitt, 1956; 
Hewitt and Osborne, 1962; iiameewEay and Hutkukriehnan, 1974a 
and Vgdivel, 1976). She results of the present study also 
indicated that phosphorus concentration in a cultivor like 
Palsyankodan was within the normal range. The lack of 
response of phosphorus concentration in index leaf due to 
different levels of nitrogen observed in this investigation 
is in agreement with the roeulto of the previous workers.

The concentration of potassium in the index leaf in 
the various treatments ranged between 2,05 to 2,76 per cent. 
The maximum percentage of potassium was found at 
200 g H/plant and the potassium concentration followed



a similar pattern ao in the case of nitrogen. In irri­
gated bananas the critical level for potassium has 
been found to be within the range of 2*49 to 3*6 per cent 
(Hewitt, 1955; Hewitt and Osborne, 1962; Renacwamy and 
Muthukriehnon, 1974a and Vadivel, 19YG).
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SUMMARY

The invcetigatdone reported in the thesis was con* 
ducted in the Separtaeat of Penology, College of Horti­
culture, Kerala Agricultural University froa 1979 to 
1980 to study the effect of different levels of nitrogen 
on the growth, devoXopaent, dry natter accumulation, 
nutrient uptake, yield and fruit quality of rainfed banana 
cv. Palayankodan, the salient result© are sun&arieed 
bo low.

1. Among the morphological character* studied the height
of the plant, girth of the pseu&oatea and petiole length 
increased significantly with increasing levels of nitrogen.

2. Too treatmente did not influence the number of functionali

leaves and total leaf area at shooting. Sucker production 
was also not affected by the treatments*

3. The relative growth rate for plant height, petiole length 
and leaf area was maximum at 100 g M/plant whereas for 
girth the relative growth rate was maximum at 300 g li/plant. 
The highest does of nitrogen resulted in the leaat growth 
rate for the above all parameters.

4. The crop duration was significantly altered by the applied
nitrogen levole and the plants receiving 400 g H took
maximum time for harvest. The deley was more pronounced
in the reproductive end fruit development phases than 
during the vegetative phase.
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5* The yield significantly increased up to a level of
200 g H/plant while a further increase to higher levels 
decreased the yield* The optiau» and economic levels of 
nitrogen wee worked out ae 204*6 g and 95 g/plant 
respectively*

6* The bunch characters vie** length of the bunch, number 
of hands per bunch, weight of hand, nuaber of fingers, and 
length of finger were not significantly influenced due 
to nitrogen application* Girth and weight of the fingers 
were the attributes responsible for increase in yield*

7* Fruit end pulp weight were significantly influenced by 
nitrogen whereas the peel weight and pulp peel ratio 
were not effected by the treatments.

0* nitrogen application eignlfic&ntly increased the total 
soluble solids, reducing sugars, non-reducing sugar, 
total sugars and sugar/acid ratio* Acidity and ascorbic 
acid content of the fruite were not however, influenced 
by the treatments*

9* Total dry setter production was highest at level of
400 g H/plant at all stages of growth and the least in 
control*
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10* She pattern of distribution of dry matter content in the 
vegs tativQ plant parte shoved that in the vegetative and 
shooting phases maximum dry matter accumulation occurred 
in laminae while at harvest dry matter accumulation was 
maximum in fruits*

11* Highest uptake of nitrogen was found at the highest level 
of applied nitrogen* A steady increase in the uptake of 
nitrogen up to shooting was observed in all the treatments* 
Irrespective of the treatments nitrogen uptake declined 
after shooting*

12* Application of nitrogen enhanced the uptake of phosphorus 
throughout the growth period and it was at its peak 
at harvest*

13* The potassium uptake although increased with the stages of.V '
growth upto shooting, it did not show a corresponding 
increase with the levels of nitrogen applied*

14* The pattern of distribution of nitrogen and phosphorus in 
plant parts showed similarities. The uptake of these l/ 
elements were maximum in the laminae during vegetative 
phase and in fruits during reproductive phase. In the case 
of potassium, the maximum uptake was noted in pseudostem 
both in the vegetative and reproductive phases,

i
1 5 . The nutrient status of the ‘third leaf* at shooting ranged 

from 1,33 to 2,08 per cent for fi, from 0,14 to 0,17 
per cent for P and from 2*03 to 2,76 per oent for.K 
respectively.
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APPENDIX I

Heather data for the period fron January 1979 to
January 1980

Month

Temperature
<°C)

Holative humidity 
(per cent)

Total
rain­
fall(mm)

Number of rainy days

Maxi- Mini­
mum Qua

Maxi- Mini­
mum sum

1 2 3 4 5

1979
January 34.1 13.6 96 38 Nil Nil
February 34.8 21.6 96 37 22.0 4
March 36,7 22.3 96 38 3.2 1
April 40.1 21.3 95 33 46.5 4
May 35.7 21.8 97 52 155.1 10
June 35.1 22.0 97 53 722.7 22
July 31.1 21.0 98 68 729.8 28
August 31.4 21.6 97 65 462.6 19
September 32.0 22.6 98 67 208.7 16
October 33.4 22.0 95 45 127.3 16
November 32.9 22.2 96 61 317.4 18
December

1980vaMHmaM

32.2 19.4 95 45 Nil Nil

January 33.5 18.3 93 30 Nil Nil
8S33S3SDSSE;aQScaB ssasasasB ssassas anaaaBsssEBSCsacactiBBBS&s



Source

APPENDIX. II
Analysis of variance for effect of nitrogen on plaat height atdifferent periods of growth

Degrees? 
of free­
dom 4 th 

month

Mean squarea
5thmonth

6th
month

7th
month

0th
month

9th
month

Total
Block
Treatment
Error

24
4
4
16

14.94
9.11
20,48

430.22 923.16
»«463.47

66,67
325.16
72.10

441.30 179.03 176.30
625.67** 629.70** 399.64**
112,02 52.72 60.43

* Significant at 5$ level
** Significant at 1$ level



APPENDIX III
Analysis of variance for effect of nitrogen on plant girth at

different periods of growth

Degrees Mean squares
Source of free­

dom 4thmonth 5thmonth 6thmonth
7thmonth 6thmonth 9thmonth

Total 24
Block 4 3.13 27.50 41.92 24.62 15.18 2.51
Treatment 4 1.26 8.00* 15.77* 7.66 6.35 *»20.59
Error 16 1.43 2.31 4.92 2.70 3.29 2.92

* Significant at 5$ level
** Significant at %  level



APPENDIX IV
Analysis of variance for effect of nitrogen on functional leaves

at different periods of growth

Degrees of
Mean squares

wom uo freedom
mon^h aon^h mozr&i aox&i mon^h aon%h

Total 24
Block; 4 3*42 1.89 1.94 2.32 2.12 0.54
Treatment 4 0*07 4.17* **7*33 0.21 0.58 0.37
Error *6 1.17 1.00 1.14 0*26 0.20 0.27

* Significant at %  level 
Significant at 1# level



APPEHBIX V
Analysis of variance for effect of nitrogen on petiole length at

different periods of growth

Source Degrees of Mean squares
freedom 4thmonth 5thmonth 6th

month
7thmonth

8th
month

9th
month

Total 24
Block 4 4*74 17.36 26*90 31.77 1.15 0.42
Treatment 4 0*69 15.06* 24.26* 9.96 «•9.17 15.79*
Error 16 3.11 3.25 5.53 4.35 1.46 3.91

* Significant at %  level 
** Significant at %  level



APPENDIX VI
Analysis of variance for effect of nitrogen on total leaf areaat different periods of growth

Mean squares
Source freedom 4th

month 5thmonth
6thmonth

7th
month

8th
month

9 th month

Total 24
Block 4 0.012 0.61 11.64 8.06 2.44 17.54
Treatment 4 0.006 0.31 1.00 **4.33 2.23 3.29
Error 16 0.039 0.20 1.74 0.82 0.04 5.04

** Significant at 1$ level



APPENDIX VII
Analysis of variance &>r effect, of nitrogen on sucker

production and duration of the crop

Source Degrees
of

freedom

Moan squares

Dumber of Days to suckers shoot at shoot- from 
ing planting

Days to harvest from
shooting

Days to harvest from
planting

Total 24
Block 4 2.70 285.60 37.15 226.84
Treatment 4 0.07 09.05 402.68** 639.10
Error 16 0.32 04.29 81.42 200.79

* Significant at 5$ level
** Significant at 1jJ level



APPENDIX VIII
Analysis of variance for effect of nitrogen on bunch characters

Source offreedom ofbunch ofbunch of hands of per bunch hand offingers offinger offinger offinger

Total 24 V'

Block 4 0.39 5.61 0.55 7906.86 130.11 0.36 0.08 29.25
Treatment 4 1.52* 8.71 0.47 2572.46 160.22 0.34 «*2.20 *•103.22
Error 16 0.47 6.69 0.26 5035.96 150.32 0.78 0.38 21.34

# Significant at 5$ level 
** Significant at 1$ level



bsmmx ix
Analysis of variance for effect of nitrogen on fruit character a

Degrees of
Moan squares

&QUFQ0 freedom Fruit
weight

Pulp
weight

Peel
weight

Pulp/peel
ratio

Total n

Block 4 50.04 84.75 1.46 0.03
Treatment 4 103.44* 69.71* 0.12
-Error 16 33.79 18.40 3.98 0.08

* Significant et %  level



APPENDIX X
Analysis of variance for effect of nitrogen on fruit quality

Degrees Total Seducing Non-redu­ Total Sugar/ Acidity Ascorb.Source of soluble sugar cing sugar augers acid acid
V *  * 1  « >  » .

freedom solids ratio
Total 24
Block 4 0.18 3.10 0.13 2.73 26.74 0.004 4.79
Treatment 4 1.27 _ « *  4.99 _ * •  0.48 2.61** 42.10** 0.003 2.51
Error 16 0.24 0.64 0.07 0.49 8.49 0.001 1.14

®* Significant at 1$ level

APPENDIX XI
Nutrient status and dry matter content of planting materials (suckers)

Particulars N, % B, £ K, $ Dry matter, g

Cora 1.12 0.06 1.38 170.64
Peeudostea 1.40 0.13 5.50 82.37



Analysis of variance for effect of nitrogen on total dry natter
production

APPENDIX XII

Source Degrees of 
freedom 5th

month

Mean squares

6thmonth
7thmonth

8th
month

9th
month

Harvest

Total 24
Block 4
Treatment 4 
Error 16

2348.52 61300.92 112807.83 76863.75 157675.73 152174.96
24313.47** 192661.04** 664271.09** 941103*01**1700552.97**1245669.80* 
2934.46 14417.94 23698.73 67104.58 219553-59 95187.16

** Significant at 1$ level



APPEHDIX XIII
Analysis of variance for effect of nitrogen on total uptake of

nitrogen '

Source Degrees of Mean squares ■?
freedom 5ilimonth

6thmonth 7thmonth
8thmonth

9thmonth
Harvest

Total 24
Block 4 1 a 03 18.97 88.06 126.47 853.20 51.20
Treatment 4 45.76 291.18** #»752.73 #*1374.40 2066.63** 838.51**
Error 16 5.32 21.43 89.79 67.16 236.05 74.33

Significant at 1# level



APPENDIX XIV
Analysis of variance for effect of nitrogen and period of growth on

nitrogen content and uptake of banana

Lie an squares
Source Degrees

offreedom H content B uptake
Com Pseudo-ctea - Petiole Laminae Cor/a Pseudo-stem Petiole Laminae

Nitrogen
levels 4 1,05 2.07 *#1.67 **1.95 68.87 195.75** 5.30 1161.01**
Periods 5 -  #* 0.65 **2.34 **1.49 **■5.84 **202.18 648.80 12.68 4734.00**
Nitrogen x 
period© 0.05 0.13 0.13 0.11 6.81* 19.29* **15.81 03.21
Pooled
error 96 0.12 0.11 0.16 0.19 3.72 9.56 0.33 56.79

* Significant at %> level
** Significant at 1$ level



APPEIIMS XV
Analysis of vorienco for effect of nitrogen on total uptake of phosphorus

Mean equares
freedom 5thmonth

6th
month

7thmonth
Qthmonth

9th
month

Harvest

Total 24
Block 4 0.03 0.33 1.49 0.98 0.14 0.05
Treatment 4 0.20 0.51 2.76 -K #1.59 0.66 *«1.86
Error 16 0.03 0.18 0.21 0.32 0.37 0.26

** Significant at level



APPEHDIX XVI

Mean squares

Analyses of variance for effect of nitrogen aid period of growth on
plio££>horus content and uptake of banana

Source offreedom P content P uptake

• Cora Pseudo­stem Petiole Laminae Cora Pseudo-stem
Petiole Laminae

Nitrogen
levels 4 0*002 0*003 0*005 0*003 0*04 0.19* 0*010 2*22

Periods 5 «* _ ** 0*030 0*060 **0.014 0.016 #*0.43 *«3«99 0.066** **19.99
Nitrogen zperiods 0*001 *#0*005

Ml|0*002 *«0.050 0.01 0.05 0*007** 0*22

Pooled
error 96 0.001 0*0003 0.0005 0*0006 0.01 0.07 0.003 0*15
n n - T i r r r T . r r u l „ .

** Significant at 1# level 
* Significant at 5% level



APPENDIX XVII
Analysis of* variance for effect of nitrogen on total uptake of potassium

Source Sogreoo ©£ freedom 5thmonth

Mean squares

6th
month

7thmonth
8th

month
9th

month
Harvest

Total
Block

24
4

Treatment 4
62.16

«39.43

86.91 1432.62 592.65 106.85
179.82 984.20 647.57 632.10

205.33
202.37

Error 16 12.77 101.99 270.04 185.91 803.04 356.38

* Significant at 5$ level



APPENDIX XVIII

Sourco

Nitrogen
levels
Periods
Nitrogen
periods
Poolederror

Analyses of variance for effect of nitrogen on potassium content anduptake of baiana

Mean squares
negroes
offreedom K content K uptake

Com Pseudo-
stem

Petiole Laminae Cora Pseudo- Petiole stem Laminae

4 10.26 -  ** 11.60 6.90 3.91 112.72* 124.72 3.47* #*436.04

5 ■»*43-99 **106.70 **65.22 *«■24.56 2104.36**( »* «« 11939.25 119.14 7286.04

x 20 4-71 1.26 ##2.96 «*•3.64 57.29 77.81 1.73 90.55

96 0.70 0.80 0.41 0.29 32.18 77.69 1.15 71.64

*"* Significant at 1$ level 
* Significant at 5% l e v e l



APPENDIX XIX
Analyses of variance for effect of N, P end X contents anduptake of internal leaf

Source Degrees
offreedom

N content N uptake P content P up take X content K uptake

nitrogen
levels 4 9 *3.58 0.05 0.032 0.007 1.34

M
Or-*•O

Periods 3 #*1.58 **0.13 0.100 0.003 *6.80 ««0.55
Nitrogenperiod * 12 0.18 0.007 0.161 0.007** S.72 0.02*

Poolederror 64 0.24 0.005 0.007 0.0004 0.54 0.01

** Significant at 1$ level 
* Significant at 5~ level



APPENDIX XX

Analysis of variance for effect of nitrogen on nutrient 
concentration of fi# P and K in index leaf at th© timeof shooting

Source Degrees of
Mean squares

freedom N F K

Total 24
Block 4 0.05 0.0008 0.15
Treatment 4 0.56 O.OOOp a*0.51
Error 16 0.17 0.0005 0.08

* Significant at 5# level
** Significant at 1# level



APP£HDXX 2X1
Analysis of variance for linear and quadratic effects
of the different levels of nitrogen

Source Degrees of freedoa Mean squares

Total 24
Block 4 0.39
Nitrogen (B) 4
If linear 1 2.31
H quadratic 1 3.75
Error 16 0.47

*
*•

* Significant at %  level 
** Significant at 1$ level

APPEHDJX XXXI
Effect of nitrogen nutrition on total nitrogen, available 
phosphorus and available potaeeiua in soil after harvestof the crop

levele ofnitrogen*g/plant
Total 

nitrogen* Jt
Available Available 
pho^horua* f> potaeeiusa*

0 0.130 0.001 0.012
100 0.130 0.0009 0.012
200 0.132 0.0069 0.012
300 0.133 0.0009 0.013
400 0.135 0.0009 0.013
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ABSTRACT

The present investigations were carried oat In the 
Pcspurtaent of Pomology, College of Horticulture, Vellemikkara 
from 1979 to 1980* The object of the study vss to find out 
the effect of different levels §f nitrogen on growth, yield 
and quality of fruits; uptake and distribution of nutrients 
at different phases of growth and development and sleo to 
assess the moot economic dosage of nitrogen for banana 
cv* Palayenkodsn under rainfed conditions* The treatments 
comprised of fire levels of nitrogen vis*, 0, 100, 200,
300 and 400 g/plant* The experiment was laid out in a 
randomised block design*
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The results revealed that aaong the morphological 
characters studied only the height, girth and length of the 
petiole of the plants were markedly influenced by levels 
of nitrogen, while the number of functional leaves and total 
leaf area recoined unaffected* Application of nitrogen 
significantly increased the total duration of the crop*
The highest level of nitrogen (400 g H/plant) resulted in 
maximum crop duration* The delay vss more pronounced in 
the reproductive and fruit developaent phases than during 
the vegetative phase*



The yield significantly increased upto a level of
200 g U/plGmt while a farther increase to higher levele
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decreased the yield* The optimum and eeonoaic doses of 
nitrogen was worked out as 204*6 g and 96 g/plant res* 
pectively. ■ ’

nitrogen application significantly increased the. 
total soluble eolide, reducing sugars, non-reducing auger, 
total sugars and sugar/acid ratio* Acidity and ascorbic 
acid content of the fruits were not, however, influenced 
by the treatments*

The total dry matter production Increased with 
increasing levels of nitrogen at all stages of growth.
The uptake pattern of major nutrients was eleo greatly 
influenced by nitrogen application* A steady increase 
in th© uptake of nitrogen was observed in all the treat­
ments upto shooting* Irrespective of the treatments 
nitrogen uptake declined sfter harvest* Application of
nitrogen enhanced th© uptoke of phosphorus throughout

:the growth period and it was at its peak at harvest. The 
potaesiua uptake although increased with the stage© of 
growth upto shooting, it did not show a corresponding 
increase with the levels of nitrogen applied*



The uptake of nitrogen end phosphorus were maximum 
in laminae during vegetative phase and in fruit© during 
reproductive phase* In the cose of potassium the maxi­
mum uptake was noted in peoudosteia both in the vegetative 
and reproductive phases*

The nutrient status of the 'third leaf* at shooting 
ranged froa 1*33 to 2*08 per cent for If, from 0*14 to 
0*17 per cent for P and from 2*05 to 2*76 per cent for K 
respectively*




