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ABSTRACT

Afield trial was conducted during 2009-2010 at College Orchard, Horticultural College and Research Institute,
Tamil Nadu Agricultural University, Coimbatore, to standardize stage-wise requirement of nutrients in banana cv.
Grand Naine (AAA). Treatment T, where application of 100% RDF (165:52.5:495g NPK plant™) at 4 critical growth
stages, i.e., 40:52.5:25, 30:0:35, 30:0:25 and 0:0:15% at the 3, 5™, 7t and 9™ months after planting (MAP),
respectively, recorded maximum plant height, pseudostem girth and leaf area index. Maximum bunch weight of
32.15kg was recorded in T .. Higher yield was attributed to more number of (i) hands per bunch, (ii) fingers per hand
and (iii) per bunch, besides the higher average weight of the finger. Better quality fruits, with higher TSS, total
sugars, low acidity and better sugar:acid blend, were obtained in T_ . In treatment T, where 100% RDF was applied,
increased N, P, and K content were seen in the index leaf of the crop. Lower soil-available nutrients, viz., N, P, K, at the
higher level of split-application at critical stages of the crop revealed, that, the nutrients applied were utilized efficiently.
This was reflected in the better yield and quality obtained. Economics were worked out which indicated T, as giving

the highest cost:benefit ratio (1:3.97).
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INTRODUCTION

Banana, the second largest fruit crop in the world
intermsof cultivation, producedinthetropical and subtropical
regions, is recognized as the fourth most important food
commodity intermsof grossvalue next only to paddy, wheat
and milk products. Indiais the largest producer of banana
intheworld, accounting for about 25% of the global output.
Its availability round-the-year at a reasonable cost, and its
ready acceptance by al sections of the society, make it a
very popular fruit. Peninsular India, especially the states of
Tamil Nadu, Kerala and Karnataka, constitute an area of
great diversity of both the banana and the plantain. Over
five lakh small- and medium- farmers depend on banana
cultivation for livelihood in our country. Though thefarmers
spend huge amounts on fertilizer, only 50% of the potential
cropyieldisrealized owing to poor fertilizer use efficiency.
With agrowing population and enhanced awareness among
public about health and nutritional aspects of banana, the
country’s requirement in the next 20 years is expected to
go up to 25 million tonnes. Thisvolume of production can
be achieved through increased productivity while ensuring

better fertilizer use efficiency. Bananaisavoraciousfeeder
of nutrients; therefore, addition of mineral fertilizer stands
to have amgjor effect on yield potential. Banana requires
high amounts of K than N or P to ensure high yield and
quality. It is estimated that acrop of 50 tonnes of bananain
one hectare removes 320kg N, 32kg P,0, and 925kg K,O
every year. Hence, itisof paramount importanceto maintain
a high degree of soil fertility by timely and judicious
application of NPK for achieving good fruit yield and quality
in banana. In Tamil Nadu, nutrientsare applied in three split
doses during the 3, 5" and 7" month after planting (MAP)
@ 110:35:330g/NPK/plant/year; But, under tropical
conditions, soil nutrients are leached/ lost rapidly due to
variousfactors. Therefore, itisimportant to apply nutrients
at thecritical stagesof crop growthinsmall doses, at shorter
intervals, to minimizeloss of nutrientsand cost of production.
Though extensive information is available on nutrient
requirement in banana, very little work has been done on
stagewise nutrient requirement inthiscrop. Thisnecessitates
research on application of nutrients at various stages of crop
growth to derive maximum benefit from agiven quantity of
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the nutrient. With this background, the present study was
undertaken to standardize stagewise nutrient requirement
in bananacv. Grand Naine under Coimbatore conditionsto
achieveimprovedyield and quality.

MATERIALAND METHODS
Soil parameters

A field experiment was conducted at the College
Orchard, Horticultural College and Research I nstitute, Tamil
NaduAgricultural University, Coimbatore, during 2009-2010.
Sail typeintheexperimental field was clayey-loam, andits
initial statusrevealed that it wasakaline (pH 8.41), medium
in EC (0.32dSm™), available N (216.7kg ha?), available K
(453.60kg ha) and low in available P (18.32kg ha?). The
experiment waslaid out using tissue-culture derived banana
cv. Grand Naine (AAA). Drip irrigation was provided to
the experimental plot.

Experiment details

Thetreatments consisted of three nutrient levels (L
60% recommended dose of fertilizer, L. 80% recommended
dose of fertilizer, and L. 100% recommended dose of
fertilizer) and four stages of nutrient application (3 month,
5" month, 7" month and 9" month after planting). Per cent
nutrients applied at each stage are given hereunder:

Treatment Per cent nutrient level / stage of growth

3 MAP* 5 MAP 7 MAP 9 MAP

(Vegetative (Flower-bud (Pre-flowering/  (Flowering/

stage) initiation flowering bunch
stage) stage) stage)

N KO N KO N K,O N K,O
S, 10 10 40 20 30 30 20 40
S, 20 15 30 25 30 30 20 30
S, 30 20 20 30 30 30 20 20
S, 40 25 30 35 30 25 0 15
S, 50 30 20 40 20 30 10 O
S, 50 20 30 40 20 40 0 0

*MAP: Months after planting

A total of 19 treatments, viz., T - LS,
T4 - L184’ Ts - LlSS’ Te - LlSG’ T7_ Lzsl’
TlO - Lzs4’ T11 - Lzss’ T12 - Lzse’ T13 - LSSl’ T14
3% T15 ) LSSS’ TlG - LSS4’ T17 - Lsss’ T18 - Lase and T19
— Control (Recommended dose of fertilizer @ 165: 52.5:
4959 of NPK/plant/year in 4 splits at 2™, 4", 6 and 8"
MAP) and phosphoruswas applied asasingledosg, i.e., at
39 MAP. The above-stated treatments were tested in
Randomized Block Design, with four replications. Each

treatment was spread over anet areaof 12.96m?, enclosing

Tz' Llsz' Ts
Tg- L.S

272!

-L,S,

T9 - Lzss’
-L.S

nine plants. All the recommended agronomic practices and
plant protection measureswere applied for raising the crop.

Data analysis

Observations on morphological characters, viz.,
pseudostem height and girth, leaf area index, and bunch
characters, viz., bunch weight, number of handsand fingers,
and, average weight of finger, were recorded as per
standard procedures. Total soluble solids (TSS) were
determined by using ahand refractometer. Total sugars, total
acidity and Vitamin C were estimated using standard
methods (AOAC, 1960). For soil nutrient analysis, soil
samples were collected before planting and at harvest.
Available nitrogen in the soil was estimated by the alkaline
permanganate method (Subbiah and Asija, 1956), available
phosphorus in soil estimated using Klett Summerson
colorimeter with a red filter (Olsen et al, 1954), and,
available potassiumin the soil was estimated upon extraction
with neutral N ammonium acetate using aflame photometer
(Hanway and Heidal, 1952). For plant nutrient analysis,
functional leaves were used at different stages of growth.
Nitrogen content was estimated by Microkjeldahl method
(Piper, 1966) and phosphorus content in the leaf was
estimated using triple acid extract by vanadomolybdate
phosphoric yellow colour method (Jackson, 1973). Potassium
content was estimated by flame photometry (Jackson, 1973).
Statistical analysis of the data was done as per Gomez and
Gomez (1984).

RESULTS AND DISCUSSION
Morphological parameters

Potential yield in banana can be achieved only by
applying adequate doses of fertilizer at critical stages of
plant growth. Banana crop requires a larger quantity of
potassium, moderate quantity of nitrogen and a relatively
lower dose of phosphorus for optimal growth and yield
(Norrisand Ayyar, 1942). Dataon theinfluence of different
levels of nutrients applied during various growth stages on
growth characteristics in our study are presented in Table
1. Progressive increase in plant height and girth of the
pseudostem from 3 MAP up to shooting was observed in
all the treatments. Among the treatments, T, (with 100%
of RDF at four different stages) registered maximum plant
height and girth at 7", 9" MAP, and at harvest.

Increasesin plant height and girth may be attributed
to anincrease in utilization of nutrients, more specificaly,
nitrogen. Improved nitrogen absorption ultimately led to
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Table 1. Effect of various levels of fertilizer at different growth stages on growth parameters in banana cv. Grande Naine

Treatment Plant height (m) Plant girth (cm) Leaf areaindex

3 5 7 9 At 3 5 7 9 At 3 5 7 9 At

MAP* MAP MAP MAP havest MAP MAP MAP MAP havet MAP MAP MAP MAP harvest

T . 0.76 1.64 178 1.86 1.87 2521 4925 57188 6542 66.72 0.46 2.43 256 439 275
T, 0.79 174 181 1.92 1.95 2642 5061 59.683 66.63 69.21 048 248 269 504 282
T, 0.78 172 179 1.92 1.96 26.19 50.37 59.467 66.63 67.63 048 248 260 500 281
T 4 0.77 1.71 182 1.89 1.92 2598 4998 59.271 66.50 67.25 0.48 2.45 259 476 277
T5 0.82 1.75 1.83 1.94 1.97 26.77 5094 59.717 67.25 69.63 0.49 2.53 271 513 284
T 6 0.83 1.78 1.87 1.95 1.98 2706 5145 60292 6821 70.21 0.49 2.55 273 517 2.88
T7 0.83 1.83 1.88 2.04 2.04 2735 5191 60.717 6896 70.92 0.49 2.70 282 541 294
T8 0.84 1.84 195 2.03 2.05 2767 5234 60.758 7058 71.46 0.50 271 282 543 294
T9 0.83 1.82 1.89 2.01 2.04 2719 5183 60.642 6846 70.58 0.49 2.61 275 540 293
T10 0.84 1.87 191 2.03 2.06 2771 5238 6109 7092 71.46 0.51 2.72 284 555 295
T11 0.85 1.92 199 2.06 2.08 2790 5319 61.39% 7150 71.83 0.51 2.79 295 571 314
T, 0.85 193 1.98 2.05 207 28.02 5557 61.39% 7133 7154 052 28 291 568 314
T 0.85 195 203 2.06 2.10 2815 5598 62588 7183 7225 052 29 312 592 315
T, 0.85 196 2.06 2.07 215 2890 56.63 62833 7217 7246 053 297 313 593 317
T15 0.85 201 202 2.06 2.10 2940 5731 62202 7163 7217 0.54 3.00 305 580 315
T16 0.86 201 213 2.16 2.18 2983 5736 64117 7475 75.25 0.54 3.02 319 650 326
T, 0.92 202 205 2.07 2.09 30.27 5990 62846 7288 72.68 058 305 314 6.05 322
Te 0.87 208 2.09 212 212 30.17 6239 63108 7333 73.30 056 314 315 6.26 325
T19 0.85 191 197 2.05 2.06 2777 5310 61292 7096 71.46 0.51 2.73 286 557 3.02
SEd 374 1148 961 491 0.10 1.38 4.31 1.50 2.54 0.04 0.05 0.27 024 058 0.24
CD 749 23.01 19.26 9.85 0.20 2.78 8.65 3.00 5.09 0.08 (NS 054 049 117 047
(p=0.05)

*MAP: Months After Planting

formation of complex nitrogenous substances like amino
acidsand proteinsfor building new tissues (Childers, 1966).
Application of N at the critical growth stages, viz., early
vegetative stage, flower-bud initiation and differentiation
stage, and, post-shooting stage had a great influence on
growth and development, plant health and yield. Increases
in plant height and girth from application of nitrogen and
potassium is commonly noticed in banana (Basagarahally,
1996; Shakilaand Manivannan, 2001; Nalina, 2002); while,
phosphorusincreased the girth when applied along with K
(Jagirdar and Ansari, 1966).

L owest plant height and stem girth were observed in
treatment T.. This could be due to an insufficient supply of
nitrogen and potassium at theinitial stagesof plant growth.
Reddy et al (2002) reported that increases in plant height
and girth may be largely due to aregular supply of higher
doses of nitrogen and potassium. Though banana requires
nutrient supplementation throughout its growing period,
application of N and K prior to shooting, especially, during
flower-bud initiation (4"-6" MAP) ensures uninhibited
growth, and has a greater influence on bunch-size, number
of fingers and hands per bunch, and ultimately, the yield
(Simmonds, 1982).

Leaf area index (LAI) is critical for maximum
utilization of photosynthetically active radiation (PAR). In

banana, optimum LAI should be 4 to 4.5. LAI was higher
when the plants were under T, at 3“ MAP; T, at 5" MAPR,
and T, a 7", 9" MAP and at harvest. Rapid development
in leaf area was associated with higher accumulation of
most of the nutrients applied. In the present study too, LAI
increase was rapid between the 7" and 9" MAP as aresult
of 100% RDF applied at the four critical stages (T,).
Baruah and Mohan (1991) showed that higher potassium
applicationincreased LAI considerably in bananacv. Jahagji
(AAA group).

Yield parameters

Influence of various levels of nutrients applied at
different growth stages on yield and quality is presented in
Table 2. Among thetreatments, T, (NPK @ 165:52.5:495¢
per plant at four stages of growth) registered maximum
bunch-weight (32.15kg), followed by T,, (27.96 kg) and
T,, (27.77 kg). Increase in yield may be attributed to
improved morphologica traits such as plant height, girth and
number of functional |eaves. Better LAI, faster rate of |eaf
production and higher nutrient-uptake by plants were also
observed in thistreatment (T ). Thisisin conformity with
Shakila (2000) and Nalina (2002). Increased yield in
treatment T, could be dueto gpplication of optimum quantity
of fertilizers, well-spread at the four different critical stages
of crop growth. Thismay lead to an increase in dry matter
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Table 2. Effect of various levels of fertilizer at different growth stages on yield and fruit quality in banana cv. Grande Naine

Treatment Bunch No. of No. of No. of Average TSS Acidity  Ascorbic Total Sugar/
weight hands fingersin fingers finger (%) (%) acid sugars acid
(Kg) (bunch®) 29hand  (bunch?')  weight(g) (mg100g%) (%) ratio
T, 24.06 8.75 17.21 162.63 147.36 12.30 0.22 11.56 15.80 71.81
T, 25.62 9.13 18.67 169.45 157.51 15.10 0.19 12.04 16.30 85.78
T, 24.29 9.13 18.17 165.89 154.19 14.90 0.20 11.93 16.27 81.35
T, 25.11 8.92 17.33 163.12 150.38 14.40 0.21 11.62 16.00 76.19
T, 25.63 9.21 19.25 169.60 158.88 15.20 0.18 12.37 16.67 92.61
T, 25.65 9.33 19.67 170.23 159.96 15.50 0.18 12.43 16.83 93.50
T, 26.65 9.46 19.71 180.00 161.15 15.60 0.17 12.69 17.50 102.94
T, 26.73 9.54 19.83 180.59 161.99 15.70 0.17 12.93 18.20 107.05
T, 26.32 9.33 19.71 170.52 161.10 15.50 0.18 1257 17.22 101.87
T 26.73 9.67 19.96 173.39 165.00 15.85 0.17 13.62 15.73 126.46
T, 27.66 9.79 20.21 181.10 176.19 16.50 0.16 14.36 17.20 135.78
T, 27.56 9.75 20.13 177.07 171.13 15.90 0.16 14.05 16.73 101.87
L 27.77 9.83 20.63 184.11 181.65 16.50 0.15 14.85 18.97 126.46
T. 27.96 9.96 21.04 184.83 185.79 16.75 0.14 14.89 19.01 135.78
T 27.67 9.79 20.63 181.79 176.19 16.50 0.15 14.49 18.90 126.00
T 32.15 10.18 21.50 191.09 190.00 17.20 0.11 15.07 20.23 183.90
T, 28.18 10.00 21.13 185.98 186.87 16.90 0.14 14.92 19.10 136.42
T 30.27 10.33 21.50 186.01 188.25 16.90 0.13 14.92 19.97 153.61
T 27.31 9.75 20.04 176.31 170.08 15.90 0.18 14.02 18.43 102.38
SEd 0.76 0.33 145 0.28 413 0.02 0.007 0.023 0.05 7.86
CD (p=0.05) 152 NS 291 0.56 8.29 0.04 0.015 0.046 0.10 16.45

at harvest, contributing ultimately to suoerior bunch and
finger characters. Another plausible explanationisthetimely
availability of required amounts of nutrientsfor flower-bud
initiation, afinding corroborated by Basagarahally (1996).

In the present study, a low yield obtained at lower
levels of nutrients applied (T,) is probably due to lower
uptake of nutrients, consequently lower dry-matter
production, As bananarequireslarge amounts of potassium
before and during the reproductive stage, application of 60%
RDF isadequate for accel erating growth and devel opment.
Kholi et al (1985) reported that application of nitrogen
increased biomass production intheleaves, rachisand flower
buds, whereas, lack of N supply confined biomass production
to therhizome and pseudostem. In the present investigation,
lower nutrient levels led to reduced leaf size, delayed
flowering, reduced fruit number per bunch and fruit size.

Highest yield in terms of bunch weight (32.15kg
plant™) was observed in T .. This increase was also
associ ated with acorresponding increasein number of hands
per bunch (10.18) and number of fingers per bunch (191.09).

In any production system, the primary objectiveisto
attain maximum fruit yield per unit area without affecting
fruit quality. Fruit quality in banana is judged mainly by
sugar content and acidity in the pulp. A marked effect on
fruit quality was observed with application of adequate

amount of nutrients. Higher levels of TSS (17.20%),
ascorbic acid (15.07mg/100g), total sugars (20.23%), sugar/
acidratio (183.90) and lower acidity (0.11%) wererecorded
in fruits under T .. Higher fruit-quality, especially sugar
content, can be explained onthe basis of therole of nutrients,
particularly potassium, involved in carbohydrate synthesis,
breakdown and translocation of starch, synthesis of protein,
and, in neutralization of physiologically important organic
acids(Tisdaleand Nelson, 1966). Severa investigationshave
more firmly established the involvement of K* in
carbohydrate synthesis and its absol ute requirement for the
activity of the enzyme, starch synthetase (Greenberg and
Preiss, 1965).

Increased level of potassium reduced the acidity in
the pulp. This may be due neutralization of organic acids
from a high K* level in the tissues (Tisdale and Nelson,
1966; Ram and Prasad, 1988).

Leaf nutrient content

Leaf nutrient concentration in the banana plant
provides information on plant nutrient status, and reflects
the optimum leaf concentration of major nutrientsaidingin
growth and development in the banana crop. The present
study, maximum N content was registered in treatment T,
atthe 7" (3.46%), T, at the 9" (3.49%) MAP and at harvest
(Table 3). This may be dueto an optimum availability of N
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Table 3. Effect of various levels of fertilizer at different growth stages on leaf nutrient concentration in banana cv. Grande Naine

Treatment Nitrogen (%) Phosphorus (%) Potassium (%)
5 7 9 At 5 7 9 At 5 7 9 At

MAP* MAP MAP harvest MAP MAP MAP harvest MAP MAP MAP  harvest
T, 2.46 2.53 2.97 2.97 0.172 0.497 0.635 0.137 341 3.67 4.42 3.75
T, 2.62 2.78 291 2.82 0.184 0.509 0.649 0.141 354 3.74 4.39 3.73
T, 2.12 2.83 2.89 281 0.181 0.504 0.642 0.140 342 3.69 4.20 3.69
T, 271 291 2.76 2.59 0.179 0.498 0.639 0.138 355 3.69 4.34 371
T, 2.85 2.83 2.87 2.76 0.189 0.509 0.651 0.145 355 381 424 3.67
T 2.86 2.96 2.62 2.73 0.192 0.511 0.653 0.147 342 381 4.18 3.72
T, 2.97 3.05 3.25 3.14 0.196 0.514 0.657 0.149 3.60 3.87 453 3.83
T, 2.99 3.06 321 311 0.197 0.514 0.657 0.151 3.61 3.92 4.56 3.84
T, 2.89 3.06 3.19 3.09 0.194 0.514 0.654 0.149 3.56 3.82 451 3.79
T 3.01 3.15 31 3.03 0.198 0.516 0.657 0.151 3.72 3.96 447 3.78
T, 3.04 3.12 3.18 3.06 0.211 0.517 0.663 0.155 381 4.03 4.43 3.78
T, 3.07 3.16 3.09 3.05 0.213 0.517 0.662 0.153 3.67 4,01 4.46 3.79
T, 3.09 3.22 3.49 3.37 0.213 0.519 0.671 0.156 3.8 411 452 381
T. 3.12 3.23 3.42 3.29 0.213 0.520 0.674 0.156 3.85 411 4.63 4.04
T, 314 3.25 3.39 3.23 0.214 0.518 0.664 0.156 4.02 4.09 459 391
T 3.18 3.46 3.29 3.15 0.215 0.524 0.698 0.164 4.10 421 458 4.10
T, 321 3.32 3.39 3.22 0.215 0.521 0.678 0.158 3.68 417 4.69 3.89
Te 324 3.39 3.29 3.17 0.217 0.521 0.684 0.159 4.09 3.97 458 3.84
T 3.16 3.39 3.26 2.73 0.204 0.516 0.659 0.151 4.10 417 4,58 3.87
SEd 0.005 0.004 0.004 0.005  0.002 0.0009 0.002 0.002 0.005 0.004 0.004 0.003
CD (p=0.05) 0.012 0.009 0.008 0.009 (NS (NS) (NS) (NS 0.009 0.008 0.008 0.006

*MAP: Months After Planting

inthe sail, favouring higher absorption and transl ocation by
roots. Lower content of N in the higher dose of applied
fertilizer, viz., T, to T, could be due to the osmotic effect,
which may have hindered uptake of N and supply of nitrogen
converted from the nitrate to the ammoniacal form. Also,
per cent dose of fertilizer applied was lower thanin T

Phosphorus content in various plant parts at different
growth stages in banana cv. Grand Naine reveaed that in
leaves, this nutrient increased linearly until shooting. This
may bedueto anincreased physiologica activity inthe plant
as development proceeded. Decreasein P content in leaves
at harvest could be related to mobilization of stored
assimilates to the fruit. P content was maximum in leaf
laminaat the shooting stage. Thisindicatesthat P absorbed
during earlier stages accumulates in the midrib and leaf
lamina, thereby serving as a source during peak vegetative
stages for higher photosynthetic activity. P content in the
leaves decreased at harvest showing that metabolites
containing Pweretrang ocated to thefruit. A higher demand
for Pat the early stages and at flowering (Veerannah et al,
1976) and reductionin Pat harvest (Twyford and Walmsl ey,
1974) have been reported. In the present investigation, K
content in leaves at different stages indicates that this
nutrient accumulated in the vegetative parts until shooting,
highlighting that K concentration increased with increased

physiological activity during the devel opmental processes.
Decrease in K content during harvest was probably due to
an increased catalytic activity of K in reproductive parts
for mobilizing metabolitesfrom the vegetative part (despite
substantial post-shooting uptake from the soil). Veerannah
et al (1976) reported similar results in banana cv. Robusta.
Among the treatments, T, recorded highest K content at
the 5 (4.10%) and 7" (4.21%) MAP. This may be due to
an increase in the available form of K in the soil solution.

Soil nutrient status

Inthepresentinvestigation, availableN, Pand K were
estimated at planting and at harvest to study soil nutrient
status under varioustreatments (Table4). Initial soil N status
was found to be 216.70kg/ha. Available N in the soil at
harvest under different treatmentswassignificantly variable.
Treatment T, (572.55kg/ha), followed by T, (486.65kg/ha),
recorded high amounts of available N, as, 20% was applied
at the 9" MAP which was perhaps not fully utilized by the
plant (since, at 9" MAP, no vegetative growth occurs, and
only bunch-devel opment and fruit-filling takes place). L esser
amount of soil N was recorded in T, (118.15kg/ha) due to
application of N upto the pre-flowering stage (7" MAP).
Thus, the plant was ableto utilize N optimally for production
of the vegetative parts. Treatment T, recorded higher bunch
yield and had 509kg ha'tavailableN (which had been applied
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Table 4. Effect of various levels of fertilizer on soil NPK (kg/ha)
during harvest in banana cv. Grande Naine

Treatment Nitrogen Phosphorus Potassium
(kg/ha) (kg/ha) (kg/ha)
T1 572.55 121.67 626.64
T2 453.65 112.57 497.46
T3 460.25 114.71 532.75
T4 486.65 118.63 573.70
T5 381.76 108.36 475.6
T6 375.48 105.45 457.89
T7 286.38 98.62 430.23
T8 276.89 97.83 429.48
T9 345.89 104.23 453.76
T10 265.70 97.20 420.76
T11 221.65 91.67 385.78
T12 228.45 93.30 385.85
T13 183.45 87.57 372.83
T14 176.65 83.27 358.70
T15 198.32 89.61 372.94
T16 118.15 76.25 270.6
T17 169.97 82.56 343.67
T18 168.35 78.56 295.78
T19 249.75 96.81 419.53
SEd 2.34 0.24 1.63
CD (p=0.05) 4.66 N 3.27

in three splits). This may be due to utilization of N, by the
plant during its critical stages of growth, in three split
applications. This may have facilitated optimum N
concentration in the soil for the entire cropping period.
Therefore, residual nutrientsin the soil may be subjected to
lower loss.

Phosphorus estimated at the initial stages and at
harvest revealed that available P in the soil showed a
decreasing trend, which may be due to a continuous uptake
of this nutrient by the plant. However, differences among
treatments were not significant. Uptake of P was also
influenced substantially by potassium application. Application
of fertilizersalso altered available K inthe soil. Available K
in the soil at harvest showed a decreasing trend with time,
and the quantity applied. Among the various treatments,
available K in soil was lower in T, (475.6kg/ha) and T
(457.89%kg/ha) at 60% RDF; in T, (385.78kg/ha) and T,
(385.85kg/ha) at 80% RDF, and, in T, (295.78kg/ha) at
100% RDF at harvest.

K contentinsoil in T, treatment waslower thanin
treatment T, (in which the same dose of fertilizer was
appliedinfour equal splits). Higher application of potassium
in the early stages improved growth, yield and quality
attributes. As, the time of application and stage of plant
growth determines uptake and trand ocation of K, application

of this nutrient at four critical stages may have provided
optimal availability of K in the soil, throughout the growth
period, and facilitated better growth. Similarly, higher K
uptakefor bunch-development and finger-filling also resulted
in lower levelsof K in soil at harvest.

Application of 100% RDF in T, (165:52.5:495 g
NPK plant™ at 4 critical growth stages, i.e., 40:100:25, 30:0:35,
30:0:25, 0:0:15% at 3¢, 5, 7" and 9" MAP, respectively)
recorded highest cost:benefit ratio (1:3.97). The highest gross
and net returns realized were because of highest yield. As,
the cost of cultivation was also equal to that in the Control,
application of fertilizer thisway wasfound to be economically
moreviable.
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