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INTRODUCTION

The ginger of commerce is the underground
stem or rhizome of gingiber efficingla Roscoc.
(Zingiberaceue), a perennial herbaceous plant
cultivated as an annual crop in India, Africa,
Jemgica, Indonesia, Australia and Japan. India,
the largest producer and exporter of this impoxtant
spice produces 43500 tomnes of green ginger anmnually

from an extensive area of 26800 hectares.

Though the crop deserves naticnal importaonce
in terms of foreign exchange earnings, research on
ginger remains very much limited. Systematic
investagation on ginger was first undertsken in the
country with the commencement of a ginger research
scheme in 1950 at the Horticultural Research Station,
Ambalavayal (Kerala). Subsequently, research on
ginger was started in other research centres also.
However, most of these investigations were confined
to the screening of varieties suited for different
agro-climatic regions while no atismpt has been
nade to assess the nutritional requirement of the
crop in relation to the pattern of uptske and the
nutrient level maintained in the plant.



The highly heterogenous nature of the soil
and the complexities of transmission of mutrient
from soil to the plant necessitate the use of tissue
analysis as a better guide rather than soil analysis
in predicting the crop performance. Detection of
nutrient status of the plant, assessment of the
nutrient need of the crop and prediction of crop
performance by foliar diagnosis have been successfully
followed in many crops vhile such a study has not been
reported in ginger. The present investigation was
therefore underteken with the following objectives
in viev:

1. 7To develop a foliar diagnosis technigue in
ginger in relation to N, P and Kj

2. 7To study the pattern of uptake of N, P and
K under the influence of the graded doses
of these nutrients added;

3. To study the effect of N, P and K treatments
on the yield, quality and morphologieal
characters of ginger; and

4, To exswine the influence of increasing
period of grwoth on the morphological
characters, chemical composition and
quality of ginger.

The results of this investigation are presented
and described in the following pages.
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REVIM OF LITERATURE

1. Foliax Digsnosis

The advent of foliar dilagnosis heralds a
new phagse 1n the realm of crop fertilization. The
term 'Diagnostic Foliaire' was first used in France
by Lagatu and Moume (1926) and the concept of tissue
analysis as a diasgnostlic technique for mineral
deficiencies in plant was given a rational and
selentific footing by these scientists. Folilar
diagnosis is used as a gulde to the nutritional status
of the plante It helps to establish threshold levels
for nutrients below vhich plants show deficiency
symptoms, and even more important, tc establish nmutrient
values associated with optizum growth or yield.

Foliar diagnosis contimuces to be an empiricel
correlation betuween the leaf nutrient level at a
particular part of the plant at a particular growth
period and the final performance of the plant. The
nutrient content of a leaf is not static, but subject
to changes with various factors both external and
internal, For practical convenlience, a period when the
leaf nutrient content is relatively stable is chosen
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for sampling and related to the performance of the
plant in quality and quantity. The position of leaf,
part of leaf and form of nutrient to be estimated are
ell standardised. After a good deal of analysis of
leaves from plants fed with varying levels of nutricnts,
the deficient or responsive levels, the critical or
optimum levels, and high or luxury levels are identifiled

to give guidance for fertilization.

Wadleigh (1949) remarked that, for any given
combination of environmentel factors, within a plant
tissue, there is an optimum content of minerazl nutrients
for maxlmum plant growth and deviation from this affects
it., This 1s the strong basis on which plant analysis
as a dlagnostic tool stands.

Friis-nielsen (1966) reported that the
interpretation of chemicsal plant analysis should be based
on the total yield curves as a composite function of the
absorbed nutrient and applied growth factor. Results
of plant analysis belong to intervals of such yield
curves, each interval being characteristic of particular
inter-relationship between yield, nutrient absorption
and growth factor level.



1.1 Sampling technigue

Steenbjerg (1954) stated that care must be
taken to choose such organs of the plant that the
differences in the analytical results will be as great
as possible, ond that the sampling should be carried
out during that part of the growing season itnen
differences in the analytical results will be greatest,

Thomas (1937) found that the whole plant
analysis will not furnish a sensitive index of the
differences in nutrition of plant due to heterogenous
nature of tissues involved. IHe designated the plant
part selected for foliar analysis as the 'reflect' as
it reflects the mineral status of the plant as a whole.
Lagatu and Maume (1934) envisaged the leaf as the ideal
tissue to sample, since it was considered the chemical
leboratory of the plant. Rogers gt gl. (1955) compared
different plant parts of sirawberry and showed that
leaf was ns sensitive as or even more sensitive than
any other plant part as an index of the nutritional

status of the crop.

Time of day for the collection of samples is
also inportant. Ulrich (1952) opined that the best time

to tuke samples was from 8 a.me to 12 noon.



Velasco et gl. (1953) studied nitrogen
relations in rice plant by foliar diagnosis. They
grew rice plants for 45 days in a nitrogen deficlent
subsoil or in complete nutrient solutlon and then
treated with ammonium sulphate or transferred into
nitrogen deficient media respectively. Janalysis after
6 days showed the nitrogen level of the most recently
matured leaves to be the best indlcator of the nitrogen
needs of the plant.

Boldyrev (1959) in his work entitled 'dlagnosis
of the nitrogen and phosphorus requirement of wvheat
during flowering by means of the general chemical
analysis of the leaves! reported that the grain yield
in wheat was correlated with nitrogen and phosphorus
content of leaves. In field and pot tests in which
nitrogen and phosphorus were applled to chernozomes, the
percentage of nitrogen in leaves at flowering was highly
and positively correlated with percentage nitrogen
in the mature grain. Graln yield was correlated with
the nitrogen and phosphorus contents of tae leaves.
Foliar diagnosis at flowering indicated whetier or not
the late top dressing with nitrogen and phosphorus was
necessary. The Tserling wethod for the rapid determination

of nitrogen requirement of wheat and prediction of grain



yield and quality was described by Opanasenkov

et al. (1977). 1t was based on the determination of
plant nitrate-nitrogen contents at different growth
stzgzes in relation to tne colour intensity of stem
sections stained with phenylamine on a scale of 1 to 6.
High ylelds and high grain protein contents could be
expected when the value at the caring stage was 5 to 6.

Goodall (1949) reported that response of
barley to muriate of potash in terms of grain yleld was
significantly correlated with the potassium content of
the older leaf blades and stems. ’

Tyner (1947) suggested tentiative eritical level
of nitrogen, phosphorus aend potassium in the sixth

leaf of corn.

In a study on inorganic nutrition of bhindi,
Chhonkar and Singh (1963) showed that incresse in the
supply of nitrogen, phcsphorus ané potessium to bhindil
increased thelr contents in the shool of 96 day old
plants grown in sand culture. Increase in phosphorus
and potassium did not influence the nltregen content,
whlle an increase in nitrogen augmented the potassium
content. Potassium hod no effect on phosphorus content

ond vice versa.



In a study on the follar diagnosis of crop
yleld and chemical composition of pea seeds, Sherstov
and Boldyrev (1967) reported that seed yield and
percentage contents of nitrogen, phosphorus and
potagsium in the seed 20 to 25 days before harvest can
be predicted by foliar diagnosls at the flat stage of

seed formation.

The application of tissue analysis to green
house tomato nutrition was studied by Ward (1963). He
collected tissue samples from 9 crops each week, the
sanples comprised a composite of the fifth leaf from
the growing tip from 6 plants. Analytical results were
correlated with visual symptoms of healthy or abnormal
growth.

Preliminary report on the perlods of eriticsl
need of potatoes for nitrogen and phosphorus by
Emmert (194%6) revealed that for higher yields, the
petiole should contain 1200 ppm niltrogen in the early
stages. Gallo gf al. (196) recorded that in pot
experiments, determination of nitrate-nitrogen,
phosphate=phosphorus, and total potassium in the petiocle
of the third leaf from the apical bud was a sensitive
and simple method for following the mineral nutrition

of potatoes.



Vomel and Ulrich (1963) in thelr work of
leaf analysis for determination of manganese deficiency
in sugarbeet reported that blades of physio]:ogically
mature (middle) leaves reflected the manganese status

of sugarbeet better than any other tissue.

In the nutritional studies on cassava (Manihot
esculenta Crantz), Pushpadas gt gl. (197%) has described
the sampling technique for follar diagnosis. They
reported that middle one-third of total petioles would
serve as the best tissue for nitrogen, phosphorus,
potassium and calcium. The percentage of nitrogen,
phosphorus and potassium in the petioles from middle
one~third of total leaves, collected four and half months
after planting, correlated well with the yleld, thereby
Justifying the cholce of the tissue for analysis and
indicating the possibility of predicting yleld by tissue
analysis.,

The detection of nitrogen, phosphorus and
potassium deficlency trends in sugarcane crops by means
of foliar diagnosis was undertaken by Halais (1963) in
Mauritius. He observed that the requirement of the
major nutrients of sugarcane could be ascertained by
analysis of the circle, 7 mm in diameter, punched from
the third leaf sampled before flowering. Miller (1963)
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in his study of foliar diagnosls of nitrogen in
sugarcane, sampled the central part without velns,
of leaves 3 to 6 from the top of the plent, dried,
ground and analysed for nitrogen. The leaf nitrogen
percentage 72 days after fertilization gave the

closest correlation with sugar production at harvest,

In banana, the concentrations of nitrogen,
phosphorus and potassium of tnird, fifth and seventh
leaves were determined and recommended to adopt the

third leaf as the standard for sampling (Simmonds, 1959).

Lin (1963) in his work entitled 'leaf analysis
as a guide to nitrogen fertiligzation of tea bushes'
remarked that the second or third leaf from the apex
of the young shoot of tea reflected nitrogen status of
the plant most sensitively., Sampling error was reduced
1f two leaves of average size were selected for each
tree. Variability was least when sampling was done from
May tc mid July and before noon.

Gachon (1952) based on his studies on foliar
diagnosis in apple, reported that it is advisable to
undortake sampling at the end of the season (September-
October) and to use the first two leaves from a twig
on the centrazl part of the tree.



In his studies on the sampling methods in
citrus, Nadir (1967) remarked that leaves should be
sampled from the beginning of September to end of
October, when they are five and half to seven months
old. An additional sampling of ten month old leaves
is essential for potassium. It nas been reported \that
top three leaves of fruit bearing citrus plant (six to
seven month old leaves) are found to be the best for
leaf analysis.

Relationships between nutrient concentrations
and the growth of the fast growing tropical eucalypt
(Bucalyptus deglupnta) were examined at two sities in
Pepua (New Guinea) by Lomb (1977). At the Gogol valley
site, a predominaontly linear relationship was found
between growth and follar nitrogen over the range
0.68 to 2,0% per cent nitrogen. At the Kerecvat site,
the relationship between growth and foliar nutrients
was less strongly developed (foliar nitrogen varied from
1.77 to 3.36 per cent).

In the determination of nutrient status of oil
palm by leaf sampling, Smilde and Chapas (1963) found
that the first, seventeenth, and twentyfifth leaves were
best sulted for foliar diagnosis.

1
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Chapman and Brown (19%0) reported that the
status of potassium of orange trees can be deduced
from the potassium content of 3 to 7 month old spring

cycle leaves.

Although leaf sampling technique for foliar
dlagnosis has been reported for most of the important
agricultural crops, the same as employed in ginger,

has not been recorded so far.

1.2 'Critical level of nutrients

Critical level is defined as the level of a
given element in the leaves above whicn the use of
fertilizers is unprofitable. Generally it is assumed
that the yleld and follar level of a glven element are
continuous functions dependent on the fertilizer doses
applied to the soil.

Goodall (19%49) reported that responses of barley
to muriate of potash in terms of grain yield was
significantly correlated with the potassium content
of older leaf blades and stems and the following
tentative limiting velues at the time of ear emergence
were suggested, above which no increase in grain yield
as a result of potassium marmring was expected. a) 0.92
per cent potassium incider leaf blades b) 1.01 per cent
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potassiun in stems.

Effects of applied nitrogen, phosphorus and
potagsium fertilizers on the chemical composition of
the earleaf of malze were examined in 28 fertilizer
trials carried out in four islands of eastern Caribbean
by Forde (1976). The sites were divided into two
groups a) dry Leeward islands of Antigua b) wet islands
of Dominica. Sufficlency ranges for nitrogen, phosphorus
and potassium in the earleaf were 2.1 to 2.96 per cent
nitrogen, 0.25 to O.41 per cent phosphorus and 1.39 to
2.57 per cent potassium. Critical values for nitrogen,
phosphorus, and potassium in the leeward islands were
2419, 0.25 and 2.17 per cent respectively, while for
Dominiea, these values were 2.53, 0.18, and 2.32 per cent
respectively., Oke (1966) reported that in leaves of
malze, the soluble nitrate content ranged from 210 to
320 ppm on nitrogen deficient plots and frou 460 to
2820 ppm on plots supplied with different forms of
nitrogen fertilizers., <Three hundred ppm was taken as
the eritical nitrate level, Golublae nitrate content was

a more effective index than total nitrogen content.

The following set of satisfactory nmutrient
levels vers datermined for tomato by Ward (1963) in
America; nitrogen - 5.25 per cent, phosphorus -

0.8 per cent, potassium - 4,0 per cent, calcium -
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1.5 per cent, magnesium - 0.45 per cent, N/K ratio -1.31.

Leonard gt al. (1949) attempting to establish
the relationship between the mineral content of aweet
potato leaves and the yleld, observed that plants with
leaf blades of k.7 to 5.0 per cent nitrogen in early
summer, 3.0 to 3.8 per cent nitrogen at harvest and with
atleast 2 per cent potassium at all stages of growth,
produced maximum yleld.

Vomel and Ulrich (1963) in their work of leaf
analysis for determination of manganese deficlency in
sugarbeet reported that the critical concentration of
manganese was 10 ppm, and 15 to 25 ppm levels wera required
for high yield.

The detection of nitrogen, phosphorus and
potassiun deficiency trends in sugarcane by means of
foliar diagnogis was undertaken by Halais (1963) in
Mauritius. He recorded that levels of 1.95 per cent
N, 0.48 per cent Paos, and 1.5 per cent K0, on dry matter
basis in the central part of the third leaf omitting the
midrib for ratoon crops aged five months were optirmum

in his study from year to year on a follow up bhasis.

In banana, 2.6 per cent N, 4.5 per cent 5'205,
and 3.3 pe‘r cent K20 are recognised as critical
concentrations (Simmonds, 19%9).



Lin (1963) in his work entitled, 'leaf
analysis as a guide to nitrogen fertilization of tea
bushes' remexked that the critlcal nitrogen concen-
tration in third leaf in various varleties was 4.6 to
3.6 per cent. Pritula (1966) reported that the
optimum contents in the flesh were 5.0 per cent N,
1.0 per cent P205’ and 1.9 per cent X,0. Lin (1966)
remarked that the eritleal concentrations of nitrogen,
phosphorus and potassium in leef were approximately
4,0 pexr cent, 0.26 per cent and 1.5 per cent respectively.
Increasing the nitrogen supply usually increased leaf
nitrogen and leaf phosphorus, but decreased leaf
potassium. Optimum ratios for N/K, N/P and P/K were
3, 1+ and 0.2 respeftively. Highly significont
relationships were found between leaf nitrogen, phosphorus
and potasgium end annual leaf yields.

Guyon (19%7) found that healthy apple leaves
contalned gbout 2.3 per cent nitrogen, whereas
deficient leaves contained oniy 1.5 per cent.

A tentative critical foliar nitrogen eoncentration
of 2.1 per cent was proposed by Lamb (1977) in his study
of the relationship between nutrient concentration and
the growth of the fast growing tropical cucal;pt,
Eucalypius desluplba.
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Foliar diagnosis as a research tool to
evaluate the nutritional status of girnger has not been
tried so far and the eritical level of nutrients of

the crop has not been reported.

(=) n on t
1tro ogpho sgi

2.1 Xlcld and plant characteristics

Experiments conducted in India and abroad
showed that the yleld of rulzomatous crops like turmeric
and ginger could be increased by application of
fertilizers. Broyer and Hoagland (19%+3) reported that
the maximum rhizome development took place, when there
wes intermediate long days, medium light intensity and
abundant nitrogen supply, whlle long days, high
temperature and large nitrogen supply resulted in
abundant shoot growth and poor rhizome development.
Temperature, length of day and nitrogen supply signle
fieantly infiuenced rhizome top ratio. Ashby (1948)
reported that increased doge of nitrogen increassed the
rate of leaf production in all cultivated crops while
insufficient nitrogen drastically reduced the yleld
and also decreased the quality of plant products
whereas excess nitrogen delayed flowering.

In ridzomatous and tuberous crops in which
the main constituent is carbohydrate, the benefit of
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nitrogen manuring is brought gbout by inereased
leaf area and congequent shoot growth. Russel (1973)
reported that nitrogen was helpful for rhizome
development of long duration crops. But in short
duration crops the effect of nitrogen was only on
the top.

Pillai (1973) found that higher level of nitrogen
produced significant effect on the number, length and
breadth of leaves, and number of tillers. Dasaradni
et al. (1971) stressed the importance of nitrogen at
the active growth and tillering stage which was during
the period from 120th to 135th day after sowing. At
this stage, the nitrogen consumption was so high that
the leaves normally contained 3 per cent nitrogen. They
further stressed that readily available form of nitrogen
should be applied during this astage.

Rajan and Singh (1972) showed that though saw
dust alone when used for soil amendment was harmful,
the application of urea to soll amended with saw dust
significantly increased the yield of ginger. There was
also increase in growth characters such as nuuber of
tillers, leaves per plant and height of plant.

Neir (1975) in his studies on the effect of
follar epplication of urea and planofix on the growth,
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yield and quality of ginger varieties, observed that
the cambinations of urea and plenofix, especially
urea 2,0 per cent + planofix 400 ppm were better than
the single application of above chemicals and
influcnced the yleld and height of the plaent
significantly.

Alyadural (1966) in his review of the ginger
development scheme, Himachal Pradesh showed that nitrogen
fertilization of the crop with 50 to 100 kg nitrogen
pex hectare had significantly increased the yield by
18 to 32 per cent and improved the dry matter content

of rhizome.

In the fertilizer trials conducted under the
technical collaboration between Kerala Agricultural
Departument and Indian Potash Institute during 1957-60,
application of 50 kg N, 50 kg of P205 and 100 kg of
Kao per hectare gave the maximum yield of ginger.

The original trials conducted at the Agricultural
Research Stotion, Ambalsvayal had shown that the
application of nitrogen and phosphorus elther alone or
in combination had no response. ILater series of
experiments at Ambalavayal and Thodupuzha showed that
the application of complete fertilizers was better than
epplication of nitrogen, phosphorus and potassium
separately {anon, 1954)
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Karman and Nair (1965) reported that ginger
required heavy manuring with 25 to 30 tons of cattile
manure as basal dose and 450 kg of 8 : 831 16 fertilizer

mixture per hectare for increased production.

The influence of nitrogen was evldenced by the
trials conducted by the Jamaican Department of
Agriculture (Anon. 1953). They got an increase in
yield of 21 per cent by the application of nitrogen
but no clear response to phosphorus and potash.
Grossmann (195%) recommended a side dressing with 10:8:7
fertilizer mixture at the rate of 550 kg per hectare
for higher yleld of ginger.

Trials with nitrogen, phosphorus and potassium
conducted at the Regional Research Station, Kandaghat
for four years, indicated that the combinatlion of 100 kg
nitrogen, 50 kg phosphorus and 50 kg potassium per
hectare proved best and produced a significant indrease
in the height of plants, number of tillers and yield
of rhizome of ginger over control (Ranchawa and
Nandpuri, 1965). The application of 100 kg nitrogen in
the absence of phosphorus or potash increased the
helght of plants, number of shoots and rhizome yleld
as compared to 50 kg nitrogen, while the growth or yileld
was not much influenced by the application of phosphorus
and potash alone or in combination of both.
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Muralidharan gt al. (1973) reported that
application of nitrogen, phosphorus and potesh at
the rate of 70, 70, 140 kg per hectare respectively
incrcased the height ancd yi€ld of plants. The
number of tillers steadlly increased with the
increasing rate of nutrients upto the above level,
but declined when applied beyond that level.
Muralidharan et gl. (197+) revealed that 70 kg nitrogen
per hactare increased significontly the number of tillers
and yield of rhigzome, but the application of phosphorus
had no effeet, while potash (K20) at the rate of
%0 kg per hectare significantly reduced the yield of

rhizome, other plant characters being remained unaffected.

2.2 Quality of ginger

Sankaracharya and Natarajen (1975) assigned
the following specifications on the chemical

charzsceteristics of good commercial ginger:

per cent
Maximum moisture 12
Maximum crude fibre 8
Maxipum totzl ash 5

Moximum ash insoluble in 1
hydrochloric acid

Minimum volatile oil 2
Binimum ether extract 8
Minimm starch L2
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Essential oil content of ginger varled from 1.5 to

3.5 per cent and it was composed of monoterpenes

5.0 per cent, sesquiterpenes 65.0 per cent and
oxygenated compounds 30.0 per cent. They also reported
that the percentege of oleoresin in ginger was 5 to 7
and the oleoresin contained 25 to 30 per cent gingerol.

Muralidharan {1972) in his work on varietal
performance of ginger in Wynad, Kerszla reported that
the percentage recovery of dry ginger varied from 1%.93
in Rio-desJaneiro to 22,07 in Slerra Leone, Natarajan
et al. (1972) in their study on the chemical composition
and dehydration of ginger observed that most of the
constituents like volatile oll, oleoresin and crude
fibre increased during the course of maturity.

Hair (1975) observed that the follar spplication
of 2 per cent urea + %00 ppm planofix gave the maximum
recovery of oleoresin and the minimum value for crude

fibre as compared to the other treatments tried.

The effeet of nitrogen, phosphorus and potassium
on the quality aspects of glnger has not been fried
and reported.



MATERIALS AND METHODS
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MATERIALS AND METHODS

A f1eld experiment was conducted during the
period from May, 1977 to Jamuary, 1978 at the
Instructional Farm, Vellanikkara, of the College of
Horticulture in order to study the effect of different
levels of nitrogen, phosphorus and potassium on the
yield and guality of ginger and also to dewvolop suitable
foliar diagnosis technique in relatian to these mitrient
el.ements.

1. Eleld expeyipent
1.1 Zlie, clipate and soil

The farm 1s situated at 32.1° N latitude and
16.76° B longituds, st en sltitude of 22.25 m. The
area enjoys a typical humid tropical climate.

The details of the meteorological observations
for the period under the sxperiment are presented in
Appendix I,

The soil of the experimental area vas desp,
well drained, moderately acid, medium clsy loam sz0id
and the site presented a uniform level tz.opography.
The chemical characteristics of the soll are given in
Appendix IX.



1.2 Design, layout gnd tregtments

The experiment was laid out in a 33 factorial
experiment with three levels of nitrogen, phosphorus
and potassium in randomised block design confounding
the effect of interaction HP2K2 totally. The procedure
followed for the allocation of various treatments to
different plots was in accordance with Yates (1937).
The details of the layout (Fig. 1) are as follows:

Total No. of treatments . 27

Ho. of replications .. 3

No. of blocks g 9

Total No. of plots (beds) .e 81

Gross plot size . 1mxhn
Net plot size . 0.5m x 3.5m
Totel experimental area .o 04035 ha
Spacing .e 25 cm x 25 cm
No. of plants per plot . 6

The levels of nitrogen, phosphorus and potassium
employed arel
Levels of nitrogen
1 ny 40 kg N/ha (+ g/n®)
2 n, 80 kg N/na (8 g/m?)
n, 120 kg N/ha (12g/w)
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Levels of phosphorus

1 po 30 kg Paoslha (3 8/m2)
2 P 60 kg POg/ha (6 2/n°)
3 ) 90 kg PPg/ha (9 8/u?)
Levels of potassiup
1 ¥ 40 kg K,0/ma (& g/n?)
X, 80 kg K,0/na (8 2/n°)
3 Ky 120 kg K,0/ha (128/m2)
1.3 Eleld culture

The land was thoroughly ploughed and beds of
size 4 m x 1 n x 0.25 @ were formed at a spacing of
40 cm between the beds., Bunds were teken separating
blocks and replicatlions, and adequate facllities for
drainage were provided. A basel dose of farm yard manure
of 0.%1 per cent N, 0.23 per cent P205 and 0.39 per cent
Kao was glven at the rate of 30 tonnes per hectare.
The bits of seed rhigome welghing 15 to 20 g each:: and
having atieast two vliable healthy buds, of the variety
Rlo-de~Janairo were planted in small pits teken in the
beds at a spacing of 25 cm x 25 cme Planting was done
on 4th May, 1977. ALl cultural practices followed were
in accordance with the Package of Practices of the
Kerala Agricultural University, 1977.
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Nitrogen, phosphorus and potassium were
supplied in the form of urea, superphosphate and
rmurizte of potash respectively. The full dose of
phosphorus and half the dose of potassium were given
as basal application. The remaining quantity of
potassium was applied cn 120th dey after planting.
Nitrogen was glven in two equal doses on 60th and
120th day.

The erop was harvested on 13th of January, 1978.
1.4 Observations

The following observations nawely, number of
tillers per clump, rumber of leaves per tiller, height
of tiller, fresh weight of rhizome, dry weight of rhizome
and total dry matter were recorded on 90th, 120th,
150th, 180th, 210th, end 240th day after planting and
these deys were referred as periods 1, 2, 3, 4, 5 and
6 respectively. Plant samples were also collected at
these periods for chemicsl analysis. One of the replicaticns,
was completely used for these periodlcal removal of
samples, while the other two were retained tilli harvest.

For the standardisation of leaf positions for
follar disgnosis, leaf samples were collected on 180th
day (Bth perlod). The leaves were numvered from top to



bottom of the tiller, the last fully opened leaf
being referred as leaf No.1. The leaf numbers 1-%,
5=8, 9=12, 13~16 and, 17 and above were saupled
separately and are referred as leaf positional groups
1, 2, 3, I+ and 5 respectively.

2. Analytical methods
2.1 Soil

The mechanical anaglysis of the soll was carried
out by the International Pipette method (Piper, 1942).
The pH of the soll was determined in a pH meter using
a s0il water ratio of 11 2,5. For the determination
of organic carbon, the method of Walkley and Black
described by Piper (19%2) was followed Total nitrogen
was determined by Kjeldahl digestion-distiliation method
glven by Jackson (1958). Available phosphorus was
determined in the Bray HNo,1 extract of soll, by the
chlorostannous~reduced molybdo phosphoric blue color
method in hydrochloric acid system (Jackson, 1958).The
potassiun extracted by 1 N neutral ammonium acetate was
determined flame photometryiczally and reported as
avallable potassium,.

2.2 Plany material
The total nitrogen content of the plant material
was determined by the micro-Kjeldahl method(Jackson,1958).



Por the determination of phospiorus and potassiun,
the plant naterial was digested with a mixturs of
perchloric, sulphuric and nitric acids (1:2:9). The
phosphorus in the tripple acld extract was determined
by the vanadomolybdate yellow colour method. While
potessium was determined using a flsme photometer
{Joglzson, 1958).

For the determination of oleoresin, freshly
ground dry ginger was extracted with acetona, by the
counter-current extraction using a Soxhlet apparatus
(A.8,T. A, 1960).

The data relations to each character were analysed

by applying the analysis of wariance technique as
suggested by Panse and Sukhatme (196%) for confounded

factorial experinments.



RESULTS
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RESULTS

The mean values on the morphological characters
and dry matter yleld of ginger as influenced by the NPK
treatments and the period of growth are given in
Teble 1. The analysis of variance is given in Appendix II.

1e1 Humber of tillers poep clump

As evident from the table, the production of
t1llers was not influenced by the fertilizer treatments.
But there was a progressive inerease in the number of
£11lers per clump with increasing period of crop growth.
However, the increase in mumber of tillers per clump
after 180th day was not statistically significsnt. The
rate of tiller production was maximum during the Wth
month (90-120 days) after planting, and 27.85 per cent
of the total tillers formed was produced during this
period. The relationship between period of growth and
number of tillers per clump is graphically represented
in Fg.2.

1.2 Number of legves pey tiller

The data on the number of leaves per tiller



Table 1. Effect of NPK treatuents and period of growth on the morphological
characters and dry matter yield of gingers

(Pable of meang)

No.of Ho.of Height  Total @xy Presh Dry weight
Treatuent tillers  leaves of natter welght of of rhizame
groups per per tiller yield rhizome kg/m2
clump t1lzer em kg/me kg/m?
n, 15.9 10.8 3741 0.786
n, 172 10.5 2.7 0.6
n, 17.6 1.1 39.9 . 0.858
%o 16.0 10.9 40.2 " 0.826
P1 17+1 10.8 38.8 0.301
P2 17.6 10.8 40.8 0.863
K, 17.0 10.8  h0.5  0.872
k.‘ 16.5 10.9 38.8 0.821
k, 17.1 10.7 40,5 0.897
Pericdsi
1 641 717 26.80 0.208 111 0.072
2 12.76 373 38.50 0428 2.43 0.172
3 16.15 10.90 41,10 Q.463 2.64 0.198
i 20.30 12.30 43.70 0.640 3.28 0.272
5 22.80 12.30 %3.70 0.789 3.1 C.408
6 22,80 12.30 43,70 0.863 3.62 0.470
M T Y 3.65 117 %060 0.0 0.3 0047
Levels of nitrogen He8. N8 &:ggg 0:193 N H:E:

Combination of If & P

4
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the case of number of tillers, the mean number of leaves
per tiller increased with increasing period of crop
growth up to 180th day after planting after which it
remained constant till harvest. Again, the maximum

leaf production was noticed during the Lth month after
planting. The relationship between period of growth

and number of leaves per tiller is graphically represented
in Fig. 3.

1.3 Helght of tiller

The observations showed that height of the plant
was the only morphological character affected by the
fertilizer treatments. Amongithe various treatuents
employed, the effect of nitrogen and the NP interaction
significantly influenced the helght of tillers., Of the
nitrogen treatments, the highest value for mean height
of tillers was at the s, level (80 kg/ha) while difference
between By and n, was not significant. The height of
the plant was found significantly correlated with the
yield of rhizome (r = +0.476). The n, level at which
the maximum mean helght was observed also registered
the maximum yield of ginger. The increase of nitrogen
from n, to n, level enhanced the mesan height of plant by
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15.1 per cent, but further increase in nitrogen seemed

to have a depressive effect on this cheracter.

The influence of the period of growth on the
height of tiller followed the same patitern (Fig.k) as
in the case of the other two morphological characters
already examined., The height increased with the
increasing perlod of growth up to 180th day after planting
and remained constant afterwards. The rate of growth
in terms of height was maximum during the Lith month
{90 to 120 days) accounting for 22.2 per cent of the
totzl helight attained by the tillers.

1 Eresh welght of rhizome

The influence of fertilizer treatments on the
fresh weight of ginger at harvest (ylield) has been

examined and presented separately.

As regards the effect of increasing period of
growth on the fresh welght of rhizome, it was observed
that the welght progressively increased till the last
period (Fig. 5). The maxirmm increcase in the fresh weight
of rhizome took place during the kth month after planting.
The rate of increase during this period was 118.56 per cent
of the weight at the previous period and 36.5 per cent
of the total fresh weight at havvest.
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17

15 Dxy weizht of rhizome

The data on the dry weight of rhizome as
influenced by the period of growth are presented in
Table 1. Observations revealed that the dry weight of
rhigome increased with the increasing age of the plant
ti1ll the last period.

1.6 Total dry patter

The statistical analysis showed that the total
welght of dry matter increased with the increase in
nitrogen level from ny to n, while further increase to
n, level recorded a decline in total dry matter production.
However the value at this level was superior to that

at the n, level.

The tetal dry matter continuously increased
with increasing period of plant growth, slthough only
the difference between the first and the last periods
was statistically significant. The relationship between
period of growth and total dxy matter is grsphically
represented in Fig. 6.

2. i of t S

The data on the yield of ginger at harvest
are presentcd 1n Table 2 and the analysis of variance



in Appendix IXII.

The statistical analysis of the data revealed
that the effect of nitrogen levels on the yield of
rhizome was significant while that of phosphorus and
potassium and the interactions of nitrogen, phosphorus
and potassium were not signifilcant. Among the three
levels of nitrogen namely, Ny n, and n,; n, level
(8C kg N/ha) was significantly superior to other two
levels (40 kg/ha and 120 kg/ha). 4An increase of nitrogen
from n, to n, enhanced the rhigome yield significantly,
but a further increase of nitrogen to the highest level
had a depressive effect on the yield of ginger. No
significant differenge was observed between n, and n,
levels of nitrogen. The yield of ginger was found
significantly corralated with the height of tillers,

It should be pointed out that the height of tillers was
maximum at the n, level of nitrogen application at which
the highest yleld was obtained.

3. tre S d

The content and uptske of nitrogen in leaf,
pseudostem and rhizome are given in Tables from 3 to 9
and thelr mean values summarised in Table 10. The results
of statistical analysls are shown in Appendix IV,



Table 2, Rhizome yield of g%nger at harvest,

fresh weight, kg/m

1. Treatments Replication Replication Mean
No. I b
1 npkg 2.72 2.38 2.59
2 ngPglkq 1.78 1.95 1.87
3 ngPgit 3.29 0.80 2.05
% ngpkg 2.20 2.6 252
5 ngpikq 3.58 3.39 3.8
6 ngpqko 3.16 1.86 2,51
7 ngpgtg 4,06 3.10 3.58
8 ngppky 1.59 3.09 2.3+
9  ngpoks 2.10 b8 3.47
10 nqpokg 3.00 34 3.21
" nqpgk4 3.90 3.28 3.59
12 nqpgka 3.68 2,35 3.02
13 nqpqkg 3.18 3455 3.37
M nqpqkq 3.33 3.38 3.36
19 npqka 4,82 [P Y, 6%
16 n4p2ko 3.93 2.50 3.22
17 n4p2k4 3.13 3.28 3,29
18 nqpoko 2.50 4,94 3.72
19 nppoko 2.88 4,04 346
20 napok+ 3.10 1.22 2.16
21 nzpoka 2.11 2.69 2,40
22 gyppako 3.43 3.31 3.37
23 nopqky 2.36 2.64% 2.50
2k nopika 3.0 1.4 2,08
25 nopzko 1.95 3.32 2.6+
26 ngpokg 1.86 3.29 2,58
27 nppgkp 2.68 2.71 2.68
R O o B
ny  2.65 p, 3. k2495
¢.D., for comparang levels of nitrogen - 0.57

34
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The relationship between period of growth and uptake
of nitrogen is graphically represented in Fig. 10.

3.1 HNityoren content of jeaf

The observations revealed that the lneremental
dose of nitrogen significantly influenced the nitrogen
percentage of leaf, while the application of phosphorus
and potassium gt different levels did not influence this
paraucter significantly. The treatment of 80 kg N/he(n.')
recorded the maxinum content of nitrogen in leaf which
was significantly higher than that at ny level. The
differencs between nitrogen content at n, end n, levels
was not statistically significant. Similarly, the
nitrogen percentage of leaf at ny and n, levels aid not
differ significantly. Regarding the effect of increasing
perlod of growth on nitrogen percentage of leaf (Fig. 7),
it was seen that the nitrogen content decreased with
increasing period of growth., However, the differences
between the periods 1, 2, 3 and % were not statistically
significant while nitrogen contents at the Sth and 6th
periods ve;'e significantly lower than that at the earlier
periods. The nitrogen percentsge of leaf ranged from
0.45 to 3.11, the average value being 1.86.

3.2 Kitrogen content of pseugosten

The results showed that the effect of nitrogen,



Table

on nitrogen content of ganger:
Nitrogen content of leaf, % on moisture free

3. Effect of NPK treatments and period of growth

36¢

basis

§10' Treatment foriod

¢ 2 3 4 5 6
1 ngpdgk, 1.68 1,90 1,96 1.96 1.12 1,09
2 ngpgy .54 246 2,02 2,12 1.8 0.95
3 ngpgk,  1.82 2,52 2.2+ 1,18 1ho 0,98
b nppky  2.33 188 1,99 2.37 1.20 1.04
5 ngegky 168 1,68 1.96 045 1.15  0.98
6 ngpk, 1.5F 246 1,90 1.39  1.32 1.42
7 ngpgsg 2.3 2,55 1,96 251 1,26 1.06
8 ngpk, 2.38 1.65 1.76 2.59 1.57 1.09
9 ngpk, 1.68  1.68 1,90 217 1,20 1,18
10 npgkg 2.2+ 311 2,13 251 1400 151
11 nqpgkq 2.2% 2,60 1.96  2.01  1.43  1.09
12 mypgks 2,52 2481 2,10 1.56  1.62  1.26
13 mqpgkg 2,38 2,77 2.1 1.67 1.32 1.h40
1% nqpgkq  2.66 3,08 1.59 2,28 1,48 0.92
15 nypqkp 1,96 2,86 2,30 2.65 1.29 1.09
16 nqpokg 2.2 2.7% 1,96 2,95 .M 1.09
17 nqpgkq 2,10 2,77 2.2k 2,79 1.20 1,06
18 nqpgky 2,66 1.65 2.30  2.62 1.32 1.18
19 ngpgkg  3.08 2.0% 2,16 2.39 143 1.06
20 nppgk 2,38 2.63  2.08  2.5% 1.3 0.90
21 nopgks  2.66  1.82 1.96 2,37 1.32  1.20
22 nypkg 2,80 210 2,55 148 1,29 1.09
23 nopkq 2,520 2,02 1,90 1.23 1.3H 1.09
W nopik, 2.2% 0 2,07 3.02 0 2,06 145 1.12
25 napgky 2.38 1.68 2,10 2,19 1.37 1.1
26 nopokq 2,80 2.16 2.52 2,01 1.20 1.06
27 noboky 2,10 1.96 2,27 2442 146 1.09
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Table %, Effcet of NPK treatments and period of growth
on nitrbgen content of ginger:

Nitrogen content of pseudostem, # on molsture

free basis
Period
5L+ Treatment S . I
1 ngpgkg  2.38 1. 1.68  1.26 1.3 1.09
2 ngpgky  1.5% A3 1.23 0 1,90 1,18 1,06
3 ngpgkp 1.5% +65 1.57 151 109 1.0%
4 ngpekg 1.40 .54 1.37 1.57  1.40  1.0%
5 ngeqky  1.68 237 1.23 0 1.0% 1,06 1.0
6 ngoke 1.68 o3 1.48 0.78  1.15 1.06
7 ngpskp  2.66 «32 140 104 1,09 1.12
8 ngpgkq 1.68 46 1.3 132 1.06 1.15
9 ngpsks  1.26 A0 143 1,200 1,01 1.09
10 nqpgkp  2.2% L0 1,60 0,87 1,09 1.34
11 nqpgkq 1.5k B0 1,29 1.12 143 1.09
12 nqpgkp  2.66 85 1,20 143 1,12 1.26
13 nqpqkg  3.08 71 1493 1,90 1,06 1.7
% nqpgkq  1.5% 76 1.5%  1.65 143 1.01
15 nqpgkp  1.68 b6 1,29 2,29 1,46 142

3

1.68 1.57 1.37  1.09
1.3 1.82 1,18  1.09
1.26 1.79  1.40 1,06
1.43 .43 1,03 1.12
1.54 1.26  1.7%  1.15
1,48 140 1,26 1,06
1.32 1.3%  1.09  1.09
1.43 1.20  1.726  1.18
1.62 1.37  1.06 1.15
1.0 1.68  1.18 1.12
1.5% 1.40  1.20 1,06
1.65 146 1.37  1.09

-
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16 nqpgkp  1.5%
17 nqpskq 1.82
18 n192k2 1.82
19 ngpgkp  1.5%
20 nppgkq 2.10
21 nopgks  1.82
22 nppikg 1.68
23 nppyky 154
2% ngpqkp 1.68
25 ngpzko 1.82
26 ngpgkq .54
27 ngpgkz 1.40
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Table 5.

on nitrogen content of ginger:
Nitrogen content of rhigome, 7 on moisture

Effect of NPK treatuwents and period of growth

free hasls
IS%' Treatment Period
. 2 3 b ] 6

1 ngogko 1426 1,09 1.51 1.29  1.09  1.99

2 mgpgkq  1.26 1.23  1.18  1.06  1.06 1.48

3 nmppokp  1.68 1,40 1,85 1,12 1.18 145

4 ngpibp  1.12 1.85 146 1.0%  1.15 140

5  ngpikq  1.26 1.26  1.76  0.92 1.85 1.5%
6 ngpika  1.12 1.6 1,82 1.09  1.68  1.51
7 oopgko  1.26  1.37 0,98 0.98 1,09  1.5%
8 nmgpgky  1.12 1.23 0 1.3+ 0.78 112 1.51

9 ngpgky  1.26  1.32 1.60 1.3 2,21 1.5k
10 nqpgkg  1.4%0  1.51 1,7%  0.81 1.96 1.59
11 mpokq  1.26 1,29 2.07 0.98  1.74%  1.57
12 nepgkz  1.5% 143 1,60 1.26 1.51  1.62
13 mpgkg  te5% 129 1.65  1.12  1.09  1.68
M mpgkq 1.0 1,32 1,68 1.06 1.09 1,74
15 nqpgkg  1.26 1.65 1.96 1.09  1.32  1.69
16 npdtg 140 5% 1.3H 0,92 146 1.7
17 mqpgdeq 2,38 1.23 1.85 1.01 1.5%  1.62
18 npgka 112 095 1.5% 1.0+ 1,37 1.59
19 napgkp 140 148 188 0.92 1.3 1.59
20 ngpgkq  1.0% 1,26 146 1,12 1,43 1.59
21 nopgkp 140 1.7 1.82 0,98 1,09 1.68
22 nopgkg 2.80 1.37 1.5% 0.89 1.06 1.82
23 nppqkq  1.26  0.90 1.3%  0.87 1.18 1.96
2% nppekp 1.26 0.95 1.7% 0,78 140  1.99
25 nopgkg 1.68 1.32 1.79  0.98  1.26  1.93
26  nopakq  1.5% 146 1,57  1.06 1,09 1.40
27 nopgkp 1.0 1,06 1.65 0,76 1.3 1.54

Qo



phosphorus snd potassium levels and their interactions
on the nitrogen content of pseudostem was not
significant. The nitrogen content of pseudostem
decreased with increasing period of crop growth., The
values for nitrogen percentage ranged from 0.78 to 3.08.

3.3 Nitrogen content of rhigzome

The data on the nitrogen content of rhizome
furnished in Table 5 revealed that the efi’ect of
fertilizer treatments was not significant on the percen=
tage of this nutrient element in the rhizome. A4As against
the minimum percentage of nitrogen at the sixth i)eriod
in leaf and pseudostem, the nitrogen percentazge of
rhizome was waximum at the sixth period. However, no
consistent relationship was noticed between the nitrogen
content of rhizome and the increasing period of growth.
The values for nitrogen percentage ranged from 0,76 to 2.80.

3.4 Nitrogen wptagke in leaf

The nitrogen uptake in leaf as affected by
different NPK treatments and period of growth is
furnished in Table 6 and the analysis of varlance in
Appendix IV,

As evident from the Table, the levels of
nitrogen significantly influenced the uptake of this



Tgble 6, Effect of NPK treatments and period of growth
on nitrogen contenl of gingers:

Upteke of nitrogen in leaf, g/m?

Sle reatment ferixd
Ro, 2 3 1‘_ 5 6
1 ngegkp 0.97 2.87  3.92 412 2,35 2.29
2 ngogkq G111 3.36 3.6% k41 2,28 1.85
3 nggky 1413 %05 W46 2.51 2.97 2,08
b mgpakg 1438 2,56 3.83 5.30 2,69 2.32
5 ngpgky 1,01 2.82 3.30 0.76 1,97 1.69
6 ngpgkp, 0,96 349 3 3,01 284 2.42
7 ngpgkg 1.08 W53 3.31  5.37  2.69 2,28
8 gy 1,09 282 3.0 6411 370 2.58
9 mngpdky, 1.0k 2,35 2,88 3,99 2.22 2,16
10 npghg 1,52 6.37 %89 5.82  3.25  3.51
1M ngpgkq 1,66 5,16 3.89 k.53 3.23 247
12 ngpgkp, 149 3.88 0 3.6 271 2,83 2,19
13 mypgkg 1,05 H.99 Wl2 3.5W 2,79 2.97
M by 1,76 WE9 2,81 W71 3,06 1,90
15 mypkp 1422 5.86 B0k 5.72 278 2,36
16 nqpgkg  1.61 3.88  3.51  6.85 312 2.53
17 bnqpgsq 1.3 6,08 W91 6,35 2,75 2.43
18 nqpgkp  2.06 240 %27 6,60 3.32  2.96
19 ngpgg  2.32  2.8% kM40 6,13 366 2,72
20 ngpgkq 1.4B 3.66 %03 5.58 2,96 1.97
21 ngpgkp  2.97 3.73 k.35 545 3,03 2.77
22 ngpqig  1.62 3,76 5.84%  3.0% 2,65 2.25
23 ngpqkq  2.03  3.01 3.83 271 2.96 240
2+ ngpgkp 143 3.37 5.97 5.2 3.69  2.85
25 ngppkog 1.89  2.72 5.05 6.4 W12 3.4k
26  nppgokq 1.80 2.67 5.19 B,37 2,63 2.32

D

nopoks  1.47 2,67 %.36 4,78 3.29 2,47

B,
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element in leaf. Maximum uptake was noticed at the

n, level of applied nigrogen. ZThe difference between
n, and n, levels was not statistically significant.
The nitrogen uptoke in leaf continuously inereased
with increasing period of crop growth up to the fourth
period (180th day) and then progressively decreased,
The nitrogen uptske ranged from 0.77 g/zn2 to 6.8% g/mz,
the average value being 3.2% g/ma.

3.5 Hitrogen uptake M, pseudosten

The data on nitrogen uptake in pseudostem are
fuynished in Table 7. Resuits showed that the levels
of nitrogen application significantly influenced the
upteke of this nutrient element in the pseudostem as
in the case of leaf. The n, and n, levels were superior
to ny, while n, and n, vere on par. The levels of
phosphiorus and potassium and the interactions of
nitrogen, phosphorus and potassium had no influence
on the uptzke of nitrogen in the pseudostem. It was
also seen that the uptake of nitrogen in the pseudostem
progressively increased up to the fourth period (180th
day) and then deeclined in subsequent periods.,

3.6 Nitrogen uptske in rhizome

The data on the uptake of nitrogen in rnizome
as influenced by the different levels of nitrogen,



Table 7. Effect of NPK treatments and period of growth
on nitrogen content of ginger:

Uptake of nitrogen in pseudostem, g/m2

SL. m Perlod
oo Treatument >
‘ 2 3 b 5 6

1 ngpgkg 1.67 1.3% 1.61 1.8 2,11 1.81
2 ngpgky 1,02 1.9 .21 2,59 162 1.9
3 ngogka et 149 1.91 1.87 1.33 1.62
% ngogkg  0.95 1.4 145 2.38 2,18  1.64
5 ngokq 121 1.88 1,23 1.22  1.32  1.33
6 ngpgkp  1.21 1,09 1,69 1.5% 2,06 1.98
7 ngdey 1.86 1,15 10 1,51 1,68 1.79
8 ngpgky 1.2 1.3 1.3%  2.39  1.98  2.1%
9 ngegy 0.98 1,09 1.k 147 1,27 1,75
10 nmgpgks 1P 1,86 1,72 1.65 2.07  2.63
11 nqpgky 1. 147 139 1.55 0 1,97 1.64
12 nqogkz  1.86  1.57 139 1.71 1 2002
13 nqpqig 1,97 1,63 2,62 2,17  1.28  1.91
% mpgkq 0.66 1.1 1,51 2.6% 2.37 1.75
15 nqpqkp 1,37 147 1,03 2,76 1.86  1.93
16 nqpgey 1,29 1.11 2.72 2.48  2.25  1.86
17 nqpgeq 1.27 0 1,87 179 2,18 148 2.07
18 nqpgkz  1.38 1,25 1.4 2,56 2.18  1.85
19 ngpgkg 1402 1,09 1,63 2.79 2.83 2.19
20  nopgkq 1439 1,03 1.5% 2.12  2.95 2.07
21 ngpgka  1.13 .69 1,99 2,58 2.37  1.96
22 ngpgkp  1.31 2.0 1.76 1,91 1.79  1.86
23 ngpkq  1.32 178 143 2,12 349 2.30
2% ngpgkp  1.700 1.05 1.69 2.22  1.98 2.18
25 ngpgkg  1.20  0.996  1.57  3.53 2.2 2.33
26 nppgkq 0,67 1,10 2,00 1.88 2.09 1.89
27 ngpgkp 1.06 1.15 147 2,99 2.88 2.36




Table 8. Effect of NPK treatments and period of growth
on nitrogen content of ginger:

Uptake of nitrogen in rhizome, g/mP

43

81 Period

No’ Treatment

' 2 3 3 ] 6
1 ngpgkp 0,63 1,70 1.66 3,50 3.95  5.31
2 ngpgky 0,83 1.72 148 2,09 3.06  1.59
3 nosoka 0.91  2.2% 2,09 3.25 7.2% 4,98
% ngoqkg 049 1,15 1.75 2,71 3.81  4.83
5 nopiky .96 2,69 2,33 0.76 1,09 479
6 ngpikz  Gu63 1431 3. 2,49 3.66 5%
7 nmgpgke 1.11 %50 1,37 2.86 3.84 5,58
8 ngpgky  0.7% 1.8 145 2.60 349 %29
9 ngpgkp 0.91 3.1 2.68 1429 7.29 3.38
10 nqpgkp  1.18 k.93 2,74 2.32 8.86  7.63
11 nqpgkq 1.18  1.9% k,56 2.62 8.16 L, 85
12 nqpgka .42 1. 2.9% 355 h.75 6,68
13 nqpqkg 1.51 2.4 2.61 3.07 6.12  6.07
M mqpiky G.B% 1,19 2,05 3.89 3.10  5.43
15 ngpgkp 1.01  3.60 2.55  2.97 bh47 6,43
16 mpzko 084 1,29 2,98 2,51 7.13  6.05
17 n1p2k1 1-91 l‘l‘o18 3.36 2071|‘ 6,41 6-77
18  nqpzkp 0.78 0.85  1.82 4,06 7.29 6.83
19 napoko 0.98 2,49 1.50 2.77 %.13 513
20 nzpok1 0.92 2.27 1.57 3.40 2,91 3.83
21 n2pok2 1423  3.59 5,02 2.58 7.36 5.83
22  ngpiko 1.56  2.47 2477 2.10 4,64 2.77
23  n2pikq 0.86 0,91 1.68 2.67 9.36 7.83
25 ngpskg  O.9%  2.6%  3.08 2,27 5.79 4,39
26  n2poki 0.83 1.58 2.51 2466 3.78 3451
27 nopokp  1WM6 2,33 347 1,03 WM 3,93
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phosphorus and potassium and perlod of growth are

given in Table § and their mean values in Table 10.
Observations indicated that levels of nitrogen,
phosphorus and potasaium employed and their interactions
had no significant effect on the uptske of nitrogen

in rhigome. However, the age of plant considerzbly
influenced the uptake of thls element in rhizome. The
increasing period of growth resulted in the increased
uptake of nitrogen in rhizome. The maximum uptake of
nitrogen took place during the period from 180th day to
210th day, when nitrogen upteke in rhigome increased by
106.7+ per cent, over the previous period. The uptake
of nitrogen during this period accounted for 51.63

per cent of the total nitrogen accumulated in rhizome.
The increase in nitvogen uptake in rhizope during the
period from 90th day to 120th day was also significant.
Though the uptake of nitrogen during this period
accounted for only 22.6% per cent of the total nitrogen
in rhizome, the percentage of increase over the previous

period was conspicuous nexely, 120.19 per cent.

3.7 Zokal uptgke of nitromen

The dats furnished in Table 9 revealed that
total uptake of nitrogen was influenced by the levels
of nitrogen applied. The varying levels of phosphorus



Table 9., Effect of NPK treatments and period of growth
on nitrogen content of gingers:
Total uptake of nitrogen, g/m2

g%" Treatment * Feriod

. 2 3 b 5 6

1 ngbgko 3427  5.91  7.19 9.7 842 9.
2  ngopokt1 2.96 6.28 6.33 8.7% 6.97 4.93
3 nopokz 2,05 7.78 8.47  7.63 11.61 8.17
b ngptko 2.83 4.859 7.03 10,40 8.69 8.79
5  nePqk1  3.18  7.39 6.86 2.75 4,38  7.81
6 nopka  2.79  5.89 8.67 7.0% 8.97 10.3%
7 nopzko  %.09 10.17 6,08 9.7+ 8.22 9.65
8 nopzkq 3.08 5.58 5.89 1111 9.17 9.01
9 nopoka 2.93  6.55 6,70 6,76 10,78 7.29
10 nipokg .04 13.17 9.36 9.79 1M.18 13.78
1 nqpgk4 3.98 8.61 10.05 8.90 13.35 8.95
12 nqpokz W73 6,59 7.97 7.98 8.98 10.89
13 nqpikg  %.53  9.07 9.65 8.78 10,18 10.9%
1% nqpgkg 3.26 7.09 6.37 11.2% 8.593 9.08
15 nqptka  3.61 10.92 8,62 1i.M4s  9.12 10.71
16 nqpgkg  3.75  6.29 9.22 11.8% 12,50 10.h4
17 nipgkq .52 12.13  10.07 11,28 10.63 11,27
18 nqpgky  #.23 W51 7.52 13.22 12.79 11.65
19 nopgkg .31 642 7.53 11.70 10.61 10,05
20 nodglty 3.79  6.96 7.1 11.09 8.82 7.87
21 ngbgky WM 9,01 11.36 10.671 12,76 10,55
22 nppgkg  %.89  8.27  10.37 7.0 9,08 6.88
23 nppqkq  3.21  5.69 7.19  7.50 15.81 12.5%
2% ngpgkp  4.26 6,06 9.81 10.31 9.09 11.55
25 nopokg 4%.03  6.36 9.70 12.24% 12.33 10.16
26  nppgkq  3.30 5.3% 9.70 8.91 8.9 72.72
27  nopoka  3.99 6.15 9.30  8.81 10.29  8.76

43
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and potassium and the interaction of the three major
nutrient elements dld not influence the total uptake

of nitrogen by the crop. The higher levels of nitrogen
application namely n, and n, resulted in increased
uptake of nitrogen. Maximum uptake was noticed at the
n, level, though the difference between n, and n, levels
was not statistically significant. It should be pointed
out that the maxirum yield of ginger was alsgo obtained
at the n, level. The nitrogen uptske progressively
increased with the advencing periocd of crop growth. The
maximum uptaske of nitrogen was achieved at the fifth
period (210l day) after which the uptake values did
not increase with the age. There was remarkable intaoke
of nitrogen by the crop during the period from 90th day
to 120th day. The nitrogen uptake value of 3.70 g/:n2
recorded at 90th day shot up to 7.37 8/4\2 at 120th

day, an increase of 99.18 per cent over the previous
period. While considering the guantity of nitrogen taken
up by the crop during this period in comparison with
total uptake of this element by the crop, again the
quantity removed during this period was worth emphasising.
The maximun uptake of nitrogen by the crop was 10.16 g/
of which 3.67 g/m2 was taken up during the period of
these 30 days.



Table 10. Effect of NPK treatments and period of growth on nitrogen
content of gingers:

Supmary
N % on moisture free basis Uptake of nitrogen, g/m2
Treatment Leaf Pseudo- Rhizome Mean of periods Total
groups stem
Leaf Pseudosten Rhizome

ng 1.69 1.35 135 2.76 1.55 2.86 8.38

ny 1.99 1.50 1.%5 3.55 1.78 3.68 10.86

n, 1.89 1141 1.40 3.40 1.89 3.07 9.56

Py 1.87 1.3 1.%2 3.26 1.74% 3.28 9.40

py 1.81 RN 1.1 3.08 1.74 3.18 9.85

Py 1,89 1.39 1.37 3.36 1.7% 3.16 9.55

kg 1.92 1.46 1.40 3.43 1.82 3.22 10.01

ky 1.82 1439 1.37 3.07 1.69 3.08 8.80

k, 1.84 1.1 1.42 3.20 1.71 3.31 9.99
Periods:

1 2.26 1.81 1.4 1.46 1.27 1.0% 3.70

2 2.27 1.46 1.33 3.70 1.38 2429 737

3 2.11 1.46 1.62 4,17 1.63 2.50 8.30

4 2.08 1.43 1.01 4,60 2.17 2.67 949

5 1.33 1.26 1.36 2496 2.05 9.52 10,16

6 1.1 1.11 1.63 2,45 o9 5.20 9.60

C.D. for comparing:
Periods 0.330 0.188 0.175 0.759 1.13 0.283 1440
Levels of N g 239 HeS. N.S.  0.537 0.20 NeSa 14556

(%



Fla .o RELaTIONSHIFP BeaTwEanN SPBRID ofF GGROWT?
1" PN UPTaEE ofF swTRoOGaN
lo /‘. \
2 — /
L
t ek s
\ TP,
®
N 7
“=ne
§ T
o ®——m - @
5% T T e
41— . «— R—Rnzams
w _L .
3 B
2 : —_—
g /./ e e T
L]
] —
- 1 | | I | _l
S o= 120 lso =y 2 2=
Fl&. i} RELATICNSHIP BaET LIS EN PeaRio> &F @mREWTM
A UPTAaLe OfF PHoSPHOROS
dg 1.6 +—
\N l & — = /.
[ ]
./ [
b2 = T °
L,
o — . R
“% e
§ 70
N °=r . ¢ / FseUDasTE,
g I .7/_,_- .,>< e . .
/. \ Rihizame
__'___,_cg-—.
§\ 21 :74./. \. —-—=—-==-=9:
oo | ] [ | L !
PN =P 2o 1S IS Do 28
@mé ” Jay;




4, Effect of NPK treatments gnd period of mrowth on
phosphorus gontent of ginger

The data on the effect of NPK treatments and
period of growth on phosphorus content of ginger are
tabulated in Tables from 11 to 17 and thelyr sumnary
furnished in Table 18. The results of statistical
analysis are given in Appendix V. Fig.11 shows the
relationship between period of growth and uptcke of
phosphorus in different plant parts.

4.1 Phosphorus content of leaf

The results showed that the levels of nitrogen,
phosphorus and potassium and their interactions had no
marked influence on the percentage of phosphorus in leaf.
But the period of growth significantly influenced the
level of this nutrient element in leaf. However, the
values failed to indicate any definite trend with
increasing period of growth. In general, phosphorus
percentage of leaf was higher in the early periods, The
highest value of 0,285 per cent was recorded at the
third period (156th day) and the lowest value of
0.115 per cent at the last period (240th day)e The
relationship between pexicd of growth and phosphorus
percentage in leaf has bsen shown in Fig, 8,
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Table 11. Effect of NPK treatments and period of growth
on phosphorus content of ginger:

Phosphorus content of leaf, 55 on moisture

4d

free basls
g%. Treatmant Period
* 2 3 b 5 6

1 naokg 0,245 0,223 0.312 0,167 0.199 0.111

2 nop0k1 0.293 0.201 0,277 0.167 0.206 0.116

3 ngdgky  0.29% 0.2 0,273  0.183 0.210  0.116

L ngpqkg  0.259 0.240 0,296 0,169 0.202 0.098

5 ngPikq  0.270 0.261 0.306 0.173 0.183 0.111

6 ngpqkpy  0.285 0.207 0.296 0,183 0,185 0.11%

7 nopskg  0.295 0.209 0.306 0,188 0.219  0.106

8 ngozkq 0,249 0,227  0.29%  0.175 0.225 0.119

9 nopgks  0.259 0,253  0.25%  0.183 0.199 0.106
10 nqpgkg  0.272 0,209 0.256 0.175 0.188 0.1k
11 nqpgkq 04273 0,220 0.296 0,183 0.179 0.109
12 n4poks  0.25% 0,238  0.258 0.181 0,175 0.106
13 nqpqkg  0.251 0.205 0.252 0.181 0.219  0.119
kL3 nqpqkq 0.242 0.222 0,271 0.135 0.227 0.111
15 nqoqks  0.248 0,197  0.250 0.183 0.225 0.130
16 nypkg  0.273 0,259 0.288 0,167 0.20% 0,109
17 n1p2k1 0264 0,258  0,30% 0,171 0.196 0. 1%
18 nipgky  0.26% 0.182 04335 0.196 0.167 0.119
19 nppgky  0.23% 0.231  0.24%  0.271 0.199  0.119
20 nopokq  0.258 0.203 0.279  0.192 0.179 0.108
21 nopgky 04269 0.213 0,304 0,173 0.177 0.132
22 nopqkg 0,278 0.218  0.2%%  0.20% 0.221  O.124
23 nopqkq 04262 0.223 04319 0,179 0.217 04121
24 nopqky 0,260 0,214  0.265 0.19% G.215 0.111
29 nppaltg 0.249 0,209  0.342  0.192 0.202  0.119
26 nepokq  0.275 04231 0.30% 0.181 0,185 0.122
27 nopoks 0245 0.222 04250 0,172 0.192  0.125
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Table 12. Bffect of NPK treatments and
on phosphorus content of ginger:
Phosphorus content of pseudostem, % on
molsture free basis
s Period
Sb° Treatment . 3 " 5
1 ngdgkg  0.237 0.238 0,230 0.197 0.149  0.095
2 ngdokty  0.25% 0,195 0.217 0,181 04125 0,087
3 ngogky; 0,273 0,195 0.259 0,10  0.167 0.092
b ngokg  0.273 0,219 0.262 0.216 0.122 0,086
5 ngpgky  0.283 0,199  0.2k3  0.18% 0.109  0.106
6 ngogks 0,218 0.166 0,227 0,171 0.119 0,113
7  ngpgkg 00308 0.17%  0.270 0,216 0.14%  0.103
8 ngpoky  0.251 0.179  0.243 0,183 0,162 0,106
9 ngPoks 0,305 0.215  0.227 0,165 Q.14 0,089
10 n4pgkg 04299 0.190  0.241  0.205 0.127 0,083
11 nqpokq  0.358 0.202 0,206 0.176 0,103 0.098
12 nqpgks  0.330 0.240 0,238  0.167 0.119 0,109
13 mqDqlsg 04301 0,195 0,263  0.170 0.135 0.098
% ngpgky 0,308 04193 0.243  0.171 0.133 04110
15  mqdgkp 04256 0,205 0.238  0.200 0.1 0,105
16 nypgkg  0.31% 0.223  0.221  0.200 0.132 0.113
17 mgpky  0.34¥9 0.238 0,281 0.19% 0.124+ 0,122
18 ok, 0,307 0.226  0.24% 0,198 0.148 0.1tk
19 nyPgk, 0,301 0,203  0.230  0.187 0.151 0,122
20 nopoity 0,289 0,157  0.227 0,181 0.148  0.121
21 nopoft, 0,295 0.228  0.235 0,202 0,148  0.110
22 nppky 0,298 0,189 0,205 0.187 0.122  0.090
23 nopgky 0,289 0.211  0.263  0.198 0.15% 0,087
A ngpgks 0,264 04235 0,219 0,190 0.111 0,096
25  ngbgky 0,218 0,236  0.262 0,202 0,162 0.105
26 ngboky  0,28% 0.21% 0.241 04170 0.159 0.1k
27  ngpgk, 0,327 0,222 04257  0.999 0.135  0.090
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Tgble 13. Effect of NPK treatments and period of growth
on phosphorus content of ginger:

Phosphorus content of rhizome, % on molsture
on free basis

s1. Pericd
o Treataent
* 2 3 L 5 6
1 fgPgkg  0.258 0,272 0.327 0.243 0.178  0.22%
2 ngpgky  0.308 0,211 0.257 0.248 0,190 O.224
3 nmgpgks, 0,256 0.231  0.279 0,198 0.171 0.2
b ngpgkg  0.283 0,363  0.346  0.230 0.257 0.2
5  ngpgky  0.26% 0,253  0.263 0.232 0.175  0.209
6  ngpgk,  0.298 0.251 0,267 0.227 0,190 0.19%
7 mgpgky 0,339 0.248  0.322  0.279 0.16%  0.169
8  mgpgky 04272 0.257  0.323  0.233 0.206  0.273
9 Dby 0,322 0.231  0.289 0.237 0.190 0.227
10 nqPgkq  0.278 0.260 0.273 0,195 0.179 0.186
" N4Pgkq  0.359 0.240  0.260 0,216 0,167 0.186
12 mypgk, 0,317 0.232  0.238  0.233 0.190  0.21%
13 nyPgkpy 0.364% 04275 0.309  0.198 0.162  0.227
W ngdgky 0,325 0,240 0,302 0,181 0.189  0.211
15 ngpqky  0.366 0,246 0.352  0.252 0.192  0.195
16 nypokg  0.358 0,269 0,265 04227 0.198  0.184
17 nypdkq  0.342 0.286  0.31%  0.243 0.179 0,227
18 mpks 0,385 0,269 0.336  0.226 0.189  0.211
19 Dobokg 0,295 04231 04257 0,194 0,189 0,222
20  mppgky  0.258 0.238  0.263 0.198 0,198  0.200
21 Dbobgks  0.339 0.383 0,317 0.211 0,213  0.235
22 noPqlg 0.3/ 0.257  0.248 0,200 0,156  0.175
23 noPqkq 0,317 0426 0,276 0,237 0.170  0.214
24 nopgky 0,323 00356 0.3 0,197 0.149 0,202
25 NaPoky 0,287 0.227  0.292 0,222 0,179  0.202
26 ngbpky 0,259 0.264 0,278  0.202 0.198 0,200
27  ngPokn 04339 0.253 0,276 0.232 0.192  0.190
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growth are given in Table 1+, The uptake of phosphorus
in leaf was alsc not influenced by the various fertiiizer
treatments, The highest value for uptske of phosphorus
in leaf was observed at the third period (150th day)
after which the values decreased with increasing age of
the crop. The increase in uptzke of phosphorus in leaf
from 90th day to 120th day and the depression in uptake
from 210th day to 240th day, were highly significant.

4,5 Uptake of phosphorus in pseudostem

As evident from the anslysis of varlance given
in Appendix ¥V, the levels of nitrogen employed had a
decisive influence on the uptake of phosphorus in
pseudostem, The highest level of nitrogen (120 kg/ha)
resulted in a significantly increased uptske of phosphorus
in pseudostem. The values for uptake of phosphorus in
pseudostem at n, and n, levels were on par, statistleally.
The variation in uptake of phosphorus in pseudostem in
relation to the increasing age of the crop was rather
inconsistent., In general, uptske of phosphorus in
pseudostem was comparatively high at the third and fourth
periods (150th day and 180th day).

%,6 Uptzke of phosphorug in rhizonme

Results furnished in Table 16 indicated that the
fertillizer treatments tried had no effect on the uptzke of



Table 14, Effect of NPK treatments and perlod of growth
on phosphorus content of ginger:

Uptake of phosphorus in leaf, g/m?

Si+ Treatment Fertod
1 2 3 4 5 6

1 ngbgkg  0.142 0,337 0,625 0.350 0.420 0,233
2 ngpgkq  0.183 0.27% 0,501  0.323 0400 0.225
3  ngogky  0.158 0.3 0.5W% 0.389 06 0.246
b ngogkg 04150 04327 0.569 0.378 0453 0,220
5 ngPgkq  0.162 0438 0.516  0.297 0.315  0.191
6 ngbgky 04177 0.29% 0,580 0.396 0401 0.247
7  ngpokg  0.942 0.371 0,518 0,401 0468 0.228
&  mgbgkq 04415 00333 0,516 0,413 0.531  0.281
9  ngbgty 04161 0,355  0.38%  0.337 0,368 0.196
10 n4opkg 0,185 0.430 0,589 0.406 0,435  0.265
11 ngpgkq  0.202 0.437 0,588 Ok 005 0,247
12 nqpgky  0.146 0,382  OL47  0.315 0.30%% 0,185
13 nqpqkg 0.111 0.369 0,503  0.3684 0464 0,252
W nqpgkq 0,189 0,324 077 0,279 0.468  0.229
15 nqpqgkp  0.155 0.403 0,548 0,396 0,486 0,281
16 nqpgkg 0,197 04366 0,515 0,387 0474  0.253
17 nqppky 0,169 0,495  0.666 0,389 0446  0.261
18 nqpzkz  0.20% 0,266 0.623 0443 0.k20  0.299
19 napoko 0,176 0.322 0,498  0.693 0.512 0.305
20  nppokq  0.160 0,283 0,542 0422 0,197  0.237
21 n2pok2  0.209 0,435  0.675 04398 0407 0,303
22 npptk0  0.161 0,390 0,582 0.%20 0.455 0.255
23 nopqkq 04211 0,332 O.849  0.39% 0.238  0.265
2h  nppikz 0,167 G.3H9  0.522 0492 0.545 0,282
25 nzpzkQ 0,198 0,338  0.822  0.575 0.606 0.357
26 npp2kq  0.177 0.286 0,626 0,395 O,404 0,266
27  nop2k2  0.171 0.302 081 0,389 0.433  0.283




Table 15. Effect of NPK treatments and period of growth
on phosphorus content of gingers

Uptoke of phosphorus in pseudostem, g/me
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&1, Pericd

No. Treatment

* 2 3 b 5 6
1 ngpgkg  0.166 0,237  0.221  0.287 0.221 0.158
2 ngpgkqy 0,168 0,164  0.213  0.242 0,173 0.172
3 ngogks  0.202 0.177 0,316 0.236 04213  O. 1%
b ngpgkg 0,186 0.163  0.278  0.328 04191  0.135
5 ngpkq  0.20% 0.273 0,243 0,217 0,13  0.140
6  ngpike  0.157 0,136 0,299 0.336 0.21% 0,210
7 ngpgkg  0.215 04151 0,269 0.315 0.222  0.165
8  mngpgkq 0.186 0.161 04243  0.332 0.300  0.198
9  ngpgkp  0.238 0,169 0,182 0.201 0.182 0Q.142
10 nqpgkg 04179 0,253  0.261 0,389 0.241  0.162
11 nqbgkq  0.265 0.212  02.256 0.243 0.1%2  0.148
12 Dbybgky 04231 0.20%  0.276  0.199 0.150 0,175
13 mqpgkg 04193 0.186 04358 0,194 0.162  0.159
% mqpgkq 0,132 0.155  0.238  C.27% 0.221  0.191
15 nqpiky 0,209 0.205 04191  0.240 04181 0,180
16 ngpgkg  0.264 0.181 Q4357  0.316 0,216 0,192
17 nqpgkq 028 04317 0.35% 0,232 0.156 0,232
18 mqpghs 0.2 0,201 0,279  0.298 0,230 0.199
19 nppgkg 04199 04203 04262 04367 0,299 0.240
20 nppgky 0,192 04723  0.227  0.30k 0.251 0.217
21 ngpghp 04183 0.238 0,315 0.371 0.278  0.371
22 ngpqky  0.233 0.230 0,274 0.266 0.200 0.318
23 nppqky 0,249 0.220 0,263 0.349 0.30% 0,389
2% nppqkp  0.266 0,169 0,228 0,308 0,207 0,362
25  ngpgkg  Ou1M% 0.191  0.293  0.423 0.3} 019
26 moppkq  0.123 0.176  0.31% 0,228 0.276  0.302
27  nopokp  0.248 0.186 0,231 0412 0,283  0.432




Table 16.

on phosphorus content of gingers:

Uptake of phosphorus in rhizome, g/m?

Effect of NPK treatments and period of growth

o6

- Period

Fo. Treatnent ] . 3 N 5 6

1 ngogkg  0-129 O42l 0,360 0.660 0,6k3 2.070
2 nopgiy 0,203 0,206 0,32 0.4B5 0.548 0,336
3  ngpgka  0.138 0,370 0.508 0.575 1.060 0,925
4  nopqko  0.12% 0.275 0415 0.603 0.85% 0,972
95 nopqkg  0.700 0.582  0.35%  1.900 1,030  1.090
6  noptke  0.167 0.226  0.47%  0.517 0415  1.070
7 nopakg 0,298 0,81% 0451  0.816 0.576 0.846
8  nopgkq  0.179 G.386  0.350 0,775 0.64 1,020
9  ngpgkz 0,237 0.945  0.485  0.227 0.389 0.681
10 nqogko 04233 0.848 0431 0.558 04510  1.060
1 nipck4 0,338 0.370 0,573 0.622 0.783 0.825
12 nqpok2  0.292 0,186  0.438  0.658 0,598 1.140
13 nqpiko  0.357 0.522  0.489 0.5 0,907 1.170
% nip4kq 0,195 0,216 0,368 0.662 0.536 1,140
15 npik2  0.293 0.535 0458 0.686 0.653 1.120
16 nqpokg  0.215 0.276  0.588  0.617 0.972 1,000
17 nqookq  0.27% 0.97%  0.572  0.660 0.74%  1.410
18 nqpghp  0.242 04242  0.397 0.896 1.020 1.360
19 ngpgkg  0.207 0.388  Q.206 0.581 0.597 1.020
20 ngpgkq 0,155 0.430  0.28%  0.603 0.405 0,668
21 nopgkp  0.298  0.80%  0.876  0.557 1.%30  1.290
22 nopqkg Q.23 0463 046 0,516 0.678 0,443
23 nopqkq 04216 0,216 0,387 0,728 1.350 1.430
2% ngpgkp  0.291 0,291 0427 0,716 0.360  1.150
25  ngpskg  0.161 0.161 0,502  0.516 0.825 0.789
26 nopskq  0«140 0,140 Oih  0.501 0.686 0,660
27  ngpskp 00353 0.353 0,580  0.315 0.588  0.685
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phosphorus in rhizome. Significunt differences were
noticed betwedn the values recorded at varying stages
of crop growth. The uptake of phosphorus in rhizomne
steadily increased with incressing age of the plant, the
differcnces between the values at most of the perlods
being statistically siguificant.

%.7 ZIotal uptske of phosphorus

The observations on total uptake of phosphorus
ave furnished in Table 17. The results showed that only
the levels of nitrogen applied influenced total uptake of
phosphorus among the various fertilizer treatments
employaed of the nitrogen levels, n, was superior to ng
while n, and m, were on par in this respect. Also there
was no significant difference between n, and n,e But the
age of the plant influenced the uptake of phosphorus
significantly. The values progressively increased with
increassing period of crop growth. However, differences
between tue values at the higher periods were not
statisticaily signiricant,

ts o;

Se o =
Rotaggium gontent of gingex

The data on the perceniage and uptake of
potassium by ginger as influenced by the fertilizer



58

7

Table 17. Effect of NPK treatments and period of growth
on phoaphorus content of ginger:
Total uptake of phosphorus, g/m?
Pe d

E%‘ Treatument o

* 2 3 b 5 6
1 apgk, 0437 0.997  1.210  1.300 1.290 1.880
2 ngpgk, 0,553 00733 1.040 1,050 1.120 0.683
3 nypyit, 0,498 0.890 1.370 1.200 1.720 1.310
4 nRky  0.460 0.71%% 1,260 1,310 1,500 1,330
5 nop1k1 0.566 1,250 1,110  2.410 1.480 1.420
6 ngPE,  0.501 0,656 1.310  1.250 1.030 1.530
7 nep ke, 0,659 1,340 1.240 1,530 1.270 1.070
8 ngpk 4 0.480 0.881  1.110 1.520 1,480 1.660
9 ngpk,  0.636 1,070 1.050 0.766 0.939 1.020
10 0,25k, 0,598 1.530 1.280 1.350 1.490 1.480
11 0oy 0.805 1.020 1.520 1.280 1.330 1.220
12 npgk,  0.669 0.772  1.160  1.170 1.060 1.500
13 nPgkg 0,661 1.080  1.350 1,120 1.530 1.600
1% 0Py 0.477 0.695 1.080 1.220 1.230 1.560
15 npk, 0,657 1.1%0 1,200 1,320 1.320 1.580
16 nqpskp  0.675 0.77% 1.460  1.320 1.660 1.450
17 nqpgkq 0.687 1,780 1.590 1.280 1.350 1.900
18 n4Poka 0,680 0.709 1,300  1.690 1.670 1.850
19 Nopgkpe 06581 0,913 0,966 1.640 1.410 1.560
20 nopgky 04506 0,836 1.050 1,330 0.853 1.120
21 nopgkny  0.691 1.480  1.870  1.330 2.120 1,960
2z nppikg  0.628 1,080  1.300 1.200 1.330 1.020
23 ngpqkq  0.675 0.768  1.300 1.%7  1.830 2.080
218 nzpqky  0.72% 0.809  1.180  1.520 1.120 1.790
25 nopgtg  0.503 0.690  1.620 1,520 1,760 1,560
26 ngpoley 040 0,602 1.380  1.130 1.370 1.230
27 nppoks  0.772 0.841 1,291 1,120 1.30  1.400




Table 18. Effect of NPK treatments and period of growth on phosphorus
content of ginger:

Summary

P % pn moisture free basis  Upteke of phosphorus, z/m?

gg&;‘;’e”t Leaf Pseudo-  Rhizome Mean of periods Total
sten Leaf Pseudostem Rhizome

ng 0.212 0.189 0.248 0.340 08.210 0.559 1.322

n, 0.207 0.198 0.250 0.363 0.225 0.630 1.570

B, 0.213 0.195 0.247 0.381 0.268 0.547 1.520

P, 0.207 0.193 0.240 0.357 0.228 0.567 1.410

r, 0.211 0.189 0.254 0. 354 0.228 0.599 1.950

P, 0.213 0.200 0.251 0.373 0.2u8 0.569 1.460

ko 0.213 0.195 G.2k6 0.381 .24k 0.566 15440

k1 0.211 0.193 0.246 0.347 0.227 0.581 1.430

k2 0.208 0.19% 0.253 0.396 0.235 0.585 1.550

Periods:

1 0.261 0.289 0.315 0.168 0.20% 0.229 0.601

2 0.221 0.207 0.269 0.355 0.196 0415 0.965

3 0.285 0.241 0.289 0.559 04267 0.451 1.280

" 0.182 0.189 0.222 0.405 0.293 0.648 1.350

5 0.199 0.137 0.186 0.426 0.222 0.7h5 1.390

6 0.115 0.102 0.208 0.255 0.226 0.976 1.470
. 0.081 0.0 0.179 0.209
G:D:for compartng periods 0.0 008 0. %is  owoh NS,  0.206
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treatments and period of growth are furnished in
Tables from 19 to 25 and their summary in Table 26,
The anelysls of variance is given in Appendix VI,

5.1 Eotgssium content of loafl

The varying levels of the fertilizer nutrients
applied could not bring about any significant difference
in potassium content of leaf. The age of the plant,
cansiderably influenced the percentage of this element
in leaf. There was a steady decrease in the content of
potassium with increasing period of crop growth. The
potassium content of leaf at the first perlod (90th day)
was as high as 5.36 per cent, which decreased to
2.17 per cent at the last period (Fig 9).

542 Potassium content of pseudosten

The results glven in Table 20 indicated that
the content of potassium in pseudostem also was not
determined by the level of nitrogen, phosphorus and
potasgium applied. But the period of growth influenced
the content of this element in pseudostem. However, no
regular pattern of variation was observed with increasing
nge of the crop. The potassium percentage of pseudostem
at the first and third period was significantly higher
as compared to the values at the other periods.



Table 19, Effeet of NPK treatments and period of growth
on potassium content of ginger:

Potassium content of leaf, & on moisture

free basis
s Pexiod
N o: Treatment p 3 . p Py
1 nepdig 340 5.70 2.55 2.60 1.90 2.20
2 n0p0k1 4.70 5.60 2.75% 2.80 3.00 2,20
3 ngogk, 5.70 5.30 345 2.60 2,10 2,30
b n0p1k0 4,90 6.20 2.85 2,60 1.90 2.50
g nop‘lk1 h,70 6400 3.8% 3.20 2,00 2.00
6 nop.‘ka 5490 550 3.75 3420 2,20 2.60
7 NyPskq o0 3.90 2,85 2,70 2.25 2,20
8 mngpjk, 5.20  5.30 2.7%  2.8¢ 2.20 2.25
9  ngpk, 5.80 5.80 340 2,30 2,20 2.50
10 nqpgkg ©.70 540 2,60 2,70 2.25 2.00
1 nqpokq  5.70 5.60 2.60 2,70 2.00 2.40
12 ByPgkp 5.50  5.20 3.8 2,70 1.90 2,00
13 nyPqkp 6.70 5.40 245 2,90 245 2.00
1 nqoqkq  5.70 5.70 2.85 3.00 2.25 2.00
15 nqPqks  5.50 %.50 345 2.60 2.20 1.95
16 nqpgkg .60 6,35 2.80  2.70 2,25 2.25
17 nqpgkq 5.70 4,70 3.60 2,80 1.90 2.00
18 ngoghp 5.90 5015 275 290 1.90  2.25
19 ngbgkp ¥.60 6,00  3.60  3.30 2,20 2.00
20 ol 5.40 h.40 2455 3.00 2.00 2.00
21 napgks 5480 5400 375 2.80 1.90 2.20
22 ngpqkg .70 6,00 2.90 3.50 2.55 2.40
23 ngpgky 5.10 6,00  3.05  2.60 2.30 2,30
2% ngpgka 5.50 5.3C 2,55 2,60 2,25 2.30
25  ngpgkg %70 B,20 2,30 2,00 2,20 2,00
26 ngpsleq  5.60 5415 2459 2.90 1.90 2.00
27  ngpgkpy 5.20  5.30 340 2,40 2,10 1.90
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Table 20, Effcct of NPK treatments and perlod of growth
on potassium content of ginger:
Potassium content of pseudostem, % on molsture
free basls
Pericd

E%: Treatuent 2 3 . p ’
1 ngogkg 940 6.%0 9.70 4,70 6,00 5,00
2 ngpgky 990 K50 5M0 7.05  5.90 470
3 ngpgss  9.55 6.80 8.20 8,95 6,00 5.45
L nypkg  9.30 6.00 8.60 7.50 6.80 4,70
5 ngh4ky 955 6.50 8.40 6.60 6,00 5.30
6 nop1k2 6.40 5.60 8.95 7.80 7.30 5.80
7 ngpky  9.60 5.30 7.20 5.60 6,50 5,45
8 ngpky 9.0 6.20 B840 7.50 6.80 5.45
9 ngeks  9.10 6.00 7.10 6.60 6.35 k.70
10 nqpgkg 910  5.80 8,20  7.30 6.20 5.00
11 nydgky 940 6.20 8,70  6.80 6.°0 5.00
12 mypgkp  9.40 7.65 8.60 7.65 6.50 5.4
13 nypgkg 9455 6.60 8,60 7.10  6.60 5.80
M ngpgky 9.70 6.20 7.30 6.80 6.35 5.00
15 nqpiky 875 6.80 8.40 6.50 6.00 4,70
16 nupkg 9,10 5.90 9.00 7.30 6.80 4,90
17 nqpgkq 9.90 6.50 8.20 5.30 5.65 L4.60
18 negks  9.90 6.60 8.95 650 6,90 5.75
19 npgsg  9.90 7,00 8,95 8.95 7.00 5.30
20 napgkq 940 5430 8.40 6,60 6,00 4,60
21 ngpgks  9.70 7.30 955  7.80 6.35 6.20
22 nggkg 9490 4,70 9.10 7.80 6.80 5.80
23 ngpqkq 9.9 5.0 8.60 7.80 5.85 5.60
2 ngpgky;  6.60 6450 8.20 6.60 6.55 5.15
25 ngpgkg 8.95  6.00 7.10 7.30 7.00 5.50
26 ngpgky  7.80 6.00 R 7.65 6.35 5.30
27 nopoky 9490 6.60 6,35 6,35  5.90 7.50
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5.3 Eotgssium content of rhizope

The observatlions recorded in Table 21 are
indleative that potassium content of rhizome was
unaffected by the levels of fertilizer nutrients
employed. As in the case of potassium content of leaf
and pseudostem, percentage of potassium in rhizome
glso was influenced by the age of the crop. During
the early periocds of growth, the rhizouwe contained
higher percentage of potassium which progressively
decreased with increasing maturity of the crop.

S+l  Ubtake of potsssiug in leafl

The data on uptake of potassium in leaf e
given in Table 22, The results indicated that the
levels of nitrogen, phosphorus and potassium introduced
could not bring about significant differences in uptake
of potassium in leaf. When the influence of period of
growth on potassium uptake in leaf was studied, 1t was
found that age of the plant influenced the uptake of
this natrient. In general, potassium uptske decreased
with progressing age of the plant. The highest value
for potassium uptake in leaf was at the second period
(120th day). !

5.5 Uptake of potassium in pseudosten

The observations recorded in Table 23 aznd the



Table 21.

on potassium content of ginger:

Effect of NPK treatments and period of growth

Potassium content of rhizome, § on molsture

64

free basis
§Lt Treatment 5 P:nm Pa— 5
1 ngpgkg 7.6  5.00 5,90 3.50 2.25 3.10
2 ngpgkq BM0 6,00 F.15 W20 2,75 2.9
3 ngpgkn  8.95  7.50 %90 3.90 2,60 2,90
b  ngpikg 7.50 8,00  5.80  3.30 2,50 2,90
S ngpekq 8,40 7.00 5.15 4,50 2.80 2.70
6 ngpgky  7.65 6,80 5.30 k.60 2,70 3.30
7 ngpgkg 8.20 5.00 490  3.70 2,30 2.50
8 ngppkq 2,72  4.90 5,50 3,99 2.80 k.10
9 nopzkz 8.70 5.59 4,00 3.‘!‘0 3.70 2.60
10 nqpokg 700 6,20 k.00 3.30 2,30 2.90
11 nqpokq B8.20 7,30 k.85  3.70 2,40 2,50
12 nqpoka 530 4,60 4,60 4,15 2,90 3.30
13 nqpikg 8.60 5,40 5.50  3.60 2.50 3.60
% mypqkg 6.50 8,30 k.65  3.80 2,60 340
15 nqpgkz 8.60 5415 5.00 3.10 240 2,80
1% ngpkg 9410 7.60 5.50 3.50  2.60 2.90
17 ngpgky  8M0 5,50 W75 3.80 2,50 2.60
18 ngpgk, 840 8,95 6,35  3.80 2.60 2.55
19 npbgkg  6.60 7.0 5.30 .00 2,75  3.20
20 ngpgky 7.50 5.80  H60 2,90 2.80 2.50
21 ngbgky  7.80 7410 W20 3.90 2,50 3.00
22 ngpgkg 7465 7,30 5.15 k.00 2,70 2.70
23 nopgky 7,80 8,70 460 370 225 2,90
2% ngpgky 8,00 840 5.60 3.60 2,50 2,90
25 ngpgkg  7.10 6,35 465 2,90 2,50 3.10
26  ngpgky 7,10 7,70 4,80  3.40 2,10 3.30
27 nppgks 8495 6,50 4,10 3.60 2,70  3.00




Table 22, Effect of NPK treatments and perlod of growth
on potassium content of ginger:

Uptake of potassium in leaf, g/m2
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- Period
No.'l‘reatment 2 3 " p P
1 ngegtg  2.55  8.60 5.10 5.6 3.99 k.62
2 ngpgky  3.39 7.65 .97  5.63 3.88 4,27
3 mopghs  3.53  B.52  6.87 551 WS k.88
b ngbgkg 284 8MF 549 5.82 426 5.60
5 ngpgkq  2.82 10,06 6,48 5.50  3.Mk 3.4
6 ngpks 3,66 7.81 7.36 6,91 W75 5.62
7 ngddg  2.11  6.93  hB2  5.78 k.82 W71
8 ngpky 2,62  7.78 W4 6,61 5.19  5.31
9 mngpky,  3.60  B.12 .k k.23 405 460
10 n.pgkg W56 11,07 5.98 6.26 5.2z 2,32
11 mypgey %22 11,09 5.16 6,10 W52 5.2
12 npghs  3.16 8,28 6.67 470 3.31 1.7
13 n1p1ko 2.96 9.73 4,89 6.15 5.19  h.24%
MW ngpgky 376 8.32 5,02 6.18 4.6 L.12
15 ngpgky 343 9423 7,57 5.62 W75 W21
16 kg 3.31 8,99 5.02  6.26 5.22 5.22
17 nqpgkq 3465 10,32 7.88  6.38  4.33 W56
18 nqpgky  B.57 7,50 5.12 2,31 4,79 5.67
19 nobgtg 346 8.35 7.35 845 5.63 5.12
20 nppgkq  3.35 6.12 .95 6,60 W0 kMo
21 nghgks 4,52 10.2%  8.32 6.k 4,37 5.06
22 popqkp  2.73  10.75 6.6 7.21  5.25 b9
23 mppgkq 4410 B.93  6.21 5.32 5,06 5.06
2 npoqks  3.52 8,68 5,03 6.60 5,72  5.8%
25 nmgpkgy 3.2 6.80  5.53 6.00 6.60 6,00
26 mppokg 3461 6.36  5.25 6.32 Mot L,36
27 ngPpkp  3.6%  7.21  6.5% 542 B.75 4.29
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anglysis of veriance given in Appendix VI showed
that the fertiligzer treatments significantly influenced
the uptake of potassium in pseudostem. However, onl\y
levels of nitrogen became signifilcant in this ré;spect.
There was increased uptske of potassium in the \\
pseudosten at the hignest level of nitrogen appli\bd.

The vaiues for the uptske of potassium in pseudostem

at n, and n, levels remained on par, statistically.‘\\\l'he
data on the effect of period of growth on potassiumE .
content of pseudostem indicated that age of the pla'r\\t \\
significantly affected the uptzke of this elenment. \\\ \

However, no regular pattern of variation was observed ' .

with increasing age of the crop. \

5.6 Ypizke of potasgium in rhizome |

The results revealed that the uptake of potassium |
in rhizome \vns not influenced by the levels of the
fertilizer elements applied. ZThe period of growth of '
the crop influenced the uptske of this element in rhisgome,
decisively. In generel, the values lncreased with
increasing age of the plant, the highest value for wptake
being obtalned at the last perlad.

5.7 Jotal yptake of potassiup ;

The data tabulated in Table 25 and the anialysis
of varlance given in Appendix VI clearly showed that the

|
]

|



Table 23, Effect of NPK treatments and period of growth
on potassium content of ginger:

Uptake of potassium in pseudostem, g/m2

Period

Sl
* Treatment
No. 2 3 in 5 6

ngpgky 6.58  6.37  9.31  6.86 8.88 8.30
ngbgky  6.53  3.77  5.29 945 8.k 6,58
ngPgk, 7,07  6.15  10.00 11,10 7.78 8.50
ngP4kg  6.32 WM 9.12  11.40 10,61 15.86
ngpsky  6.88 8.89  BMO 7,79 7.k 6.99
nghgk, 6,06 %57 10,20 15.29 13.1% 10.79
ngojdky .72 4,60 7,20 8,18 10,01 8.72
ngbkq  6.96 5,57  8.40 13,65 12,65 10.1%4
9  ngpgky 7.10 469  5.68  8.05 8.00 7.52
10 nqpgkg 5.6 7.73  B.86  13.87 11.78 9.80
11 nqpgkq  6.96  6.50 10.79  9.38 8.56 7.50
12 aqpgkp  6.58 649 9.8 9.18  8.19 8.6k
13 mqpqkp 6411 6.28 11.70  8.10  7.92 9.40
% ngpgkq W17 B.98  7.16  10.88 10.54% 8.70
15  nqp4kp  7.16 6,83 6.72  7.80 7.68 8.08
16 nqpokg  7.6%  %,79 .58  11.5% 11.15 8.33
17  nqpzkq 6,93 8.67 10.33  6.36 7.12 8.7
18 mnypgkp  7.52  5.87 10,20  9.75 10.1% 10.01
19  ngpgkg 6.53 7.00 10,20 17.5% 13.86 10.39
20  nppgkq 6.2+ %16 840  11.09 10.20 8,28
21 nppgka 6,01 7.62  12.80 14,35 11.9% 11.41
22 nppgkg  7.72  5.72 12,19 11,08 11.15 9.86
23  nppikqy  8.31 5.63  8.60 13.73 11.58 10.98
2k nopika  6.67 4,68 8.53 10.69 12.18 9.79
25  nppako  5.91  %.86 7.95  15.33 M2 11.44
26 ngppkq4  3.37 5.00 12,22  10.25 11.05 9.43
27  ngpgko  7.52  5.5%  5.71 13.08 12.39 16.20
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Table 2k, Effect of NPK treatments and period of growth
on potassium content of ginger:

Uptake of potassium in rhizome, g/m?

Period
Sle m

reatoment
Ro. * 2 3 N 5 6

ngpgkg  3.82  7.80 649 9.52 15,07 8.15
ngdgkq  5.5% B0 649 8,23 7.92 W.35
nopgks %83 12,00 8,92 11.31 16.02 12.33
ngbikg  3.30 H,96 6,96 8,65 8.30 13.17
nghqky 6038 14,98 6.80  3.69 16.52 13.98
ngpgky; %38 6,12 943 1049 5.89 18,35
Apdqitg 7,22 1640 6,86 10.80  8.09 12.45
ngpgky 1,79 7.35 5.9 12.95 8.7+ 15.33
9 ngpfky  6.26 13,10 6,72 3.26 12,21 7.80
10 nyPglg  5.88 20,21 6,32 9. 10,40 16.47
11 mypgky 10,06 11.2% 10,68 10.66 11.28 11.10
12 myPgky 6,37 3.68  B.6 11,70 9.11 1749
13 mypgkg  9.33 10.26  8.69  9.86 14,00 18.58
M nypgky  3.90 747 W67 13,91 7.38 18.29
15 nypqkp 6,88 11,23 6.50 8.3 8,16 16.07
16 nqpzkg 5.6 6.38  12.21 9.52 12.7% 16.07
17 nqpgkq 6,72 18,70  B.65  10.3%  10.40 16.12
18  nypgky  5.88 8,06 749 14.89 13,83 16,37
19 ngpgkg  We62 11,93 W2% 12,00 7,11 %66
20 nppgkq W50 1044 W37 8,82 5.71 8.35
21 mppgkp 6,86 1491 11.59 10,29 16.85 16,44
22 ngpqkg  5.36 13.1 9,27 10.32 11.77 6.86
23  ngP4kq  5.30  8.87 &% 11.39 17,91 19.31
2% nopipy  7.20 BT 6.9 13410 6010 16.47
25 mpPgkg  3.98 12,70 7.99 6.73 12.50 12.15
26 noppkq  3.83  8.32 7.68 8.50 7.27 10.89
27  naPoks;  9.31 1H.30 8,61 %.90 10.80 8.26
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Table 25.

aon potassium content of glngert

Totel uptake of potassium,gym®

Effect of NPK treatments and period of

69

growth

s Period

No: Treatment 5 3 " p 7

1 ngpgko  12.96 22,77 20,90 21.8% 21,02 27.98
2 ngpgk1  15.47 19.82  16.75  23.31 19.9% 15.19
3 nopgkp  15.48 26,67 25,79 27.92 28.15 25.71
4 ngpiko 1247 17.84 21,57 25.87 23.16 3M.63
5 ngptke  16.08 33.92  21.68 16.98 27.40 24.L2
6  ngptk2  14.10 13.50 26,99 32.69 23.78 34.75
7 ngpzko  16.05 27,93 18.88 24,75 22,92 25,88
8  ngpkq4 11,37 20.69 19.17 33.21 26.58 30,78
9  nopka 16.%% 25.92  17.5% 15.55 24,26 19.92
10  nqpoko  15.89 29.05 21.16 29.57 27.40 28.59
11 nqpokq  21.23 28.83 26,63 26.15 24.36 24,02
12 nipok2  16.11 18.%5  29.11  25.58 20.60 27.87
13 niptko 18.%0 26.28 25,28 24,11 30.11 32.21
% npiki 11.83 20.77  16.85  30.97 22.56 31.14
15 nqptkz2  17.47 27.28  20.79 21.85 20.59 28.37
16 nqpgkg  16.42 20.17 31.81 27.32 29.11 29.62
17 nyPgkq 17,29 37.69 26.86 23.08 21.85 29.%2
18 nypks  17.97 2143 22,81  31.95 28.76 32.05
19 ngbgkg 161 16,55  21.79  37.99 26,60 30.22
20 ngpgky 1409 11.32  18.32  26.50 20,31 21,03
21 ngpgkg  17.40 32,77 32.71 31,09 33.16 32.91
22 ngpkg  15.80 29.6% 28,11 28.61 28,18 21.66
23 ngpqkq  17.92 23,43  21.25  30.8% 355 35.35
24 ngpks 17.39 27,77 20,51 30,39 23.99 32.07
25  ngppkpg  13.61 24,36  21.48 28,06 32,52 29.59
26 ngpzkq 10.81 16.68 25,15 25,07 22.% 24.68
27  nppgks 20,47 27.05 17.86 26,40 25.39 31.29




Table 26. Effect of NPK treatments and veriod of growth on potassium
content of ginger:

Summary
X % on moisture free basis Uptake of potassium, g/m?
ggggzgent Leafl Pseudo~ Xhizome Mean of period
sten Leaf Pseudostem FRaizome Total
ng 3.48 6.92 .76 5.12 8.23 8.94 26.58
ny 3.52 7.10 4,76 Setle 8.27 10.63 29,25
n, 3.1 7.19 b7 5.2 9.61 9.67  28.76
Py 3.46 7.12 L 5.03 8.72 9.67 25.95
Pq 3.58 7.09 4,91 5.36 8.59 9.93 30.50
P2 3.36 7.00 4,71 5429 8.80 9.6  28.1%
ko 3.4 2.15 .68 5.30 9.22 9.7%  25.95
k4 3.46 6.92 Le71 %.93 8.08 9.36 30.51
k2 3.54 715 4,86 545 8.81 10.1% 28. 1%
Periods
1 5.36 9.30 7.66 3.46 6.56 57k 15.76
2 5.36 6.16 6.66 6.47 5.83 11.01 24,02
3 3.03 8.29 5.06 5.97 9.28 2.63 22,93
4 2.77 7.06 3.70 6.12 10.59 9.77 26.95
5 2.12 6.39 2.58 4,69 10. 31 10.43 25.59
6 2.17 5.33 2.96 4,65 9.6& 13.90 28.19
C.D. for comparing periods 0.837 2.19 1.20 1.53 1.56 2.15 3.1%
C.D. for comparing N levels K.S. N.8, N. S, H. 8. 1.11 N.S. N.S.

02



71

fertiliger treatwents employed failed to influence

the total upteke of potassium by the crop significantly.
The poriod of erop growth had a definite role in the
upteke of this nutvient. In general potassium uptake
was enhanced with advaneing period of growth.

6. Bffect of NPK ¢ n £ en nte
of Jeaf in relation to leal positjong

6.1 Nitrozen content of leaf in reiation to Jeaf
Rogitiong

The data on the nitrogen percentage of leaf
in relation to leaf positions are furnished in Table 27,
and graphically represented in Fig. 12. The results of
statistical analysis are given in Appendix VII. The
results revealed that the leal positions differsd
signiticantly in respect of the content of nitrogen in
leaf. The higheat percentage of this mutrient was
observed in the first group of leaves (1st to Wth leaf),
vhich continuously decreased with increasing number of
the leaf positilons. The differences between the position
groups 2nd and 3rd and between 3rd and 4th were not
statistically significant, The levels of nitrogen
application significantly influenced the nitrogen
percentage of leaves in different positional groups,
¥hen the coefficlents of correlation between the nitrogen
percentage in leaf of positionel groups and the total



Table 27. Effect of NPK treatuments on nitrogen content
of leaf in relation to leaf positions, % on
moisture free basis

Leaf positions
Treatments
1lp 5-8 9-12 13~16

npx 2.28 1,96 1.73 1.3
ngzgk? 2.37 2.12 1.73 1.3
n0p0k2 2,26 1.18 1.09 1.1
n0p1ko 3.29 2037 2.62 2.59
110;31k1 2.23 0.4% 0.72 0,96
nop,lk2 237 1439 1437 0.70
n0p2k0 3.3% 2.51 2437 2423
nopzk1 3.26 2459 2456 223
n.o.k, 2.3% 2,17 2,06 2.06
n1p0ko 2.62 2451 2451 2.05
n1pck1 2.3% 2.01 1.92 2.03
n‘lpck2 1.87 1.56 1.92 2,03
n1p1k0 2426 1.67 1.62 11k
n1p1k1 3.40 N 2.28 2.28 131
nyp4kg 2,62 2,65 2.3% 251
n4Pkg 2.87 2.95 2.62 2.76
nypokg 3.18 2.79 2.79 2.03
n4Boko 3.12 2.62 2,20 2,23
nsPokg 3.12 2,40 2.37 1.70
8,00k 4 2,62 2,54 2,42 1.87
nNopgko 2,95 2437 2.48 1.87
n2p1k0 1 .76 1 L8 1.64% 1.1
noPqkq 1.17 1.23 0.39 1.08
n2p1k2 2.73 2.06 1.89 1637
nobokq 334 2.15 1.89 1.87
85D0k4 2,56 2,01 2.03 1.89
noPoka 242 2412 1.98 2.79
n, 2,64 1,86 1.81 1,62
ny 2,70 2,34 2.2% 2.01
ng 2.52 2,04 1.90 1.73
lean 2.62 2.08 1.98 1.79

C.D., for oomparing positions 0.2%
¢.D, fur comparing levsls of N & levels of P 0,168
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nitrogen uptake were examined, it was seen that the
highest correlation (r = +0.859“) was obtained for
the positional group 2 (Fig. 15). The percentage
nitrogen in leaf of the other positional groups was
glso positively correlated with the total nitrogen
uptake, the values for coeffielent of correlation being
0.7101“, 0.692" and 0.326“ for the positional groups
3, 1 and % respectively. The relationship between
leaf nitrogen percentage (positional group 3) and total
nitrogen uptzke i1s given in Fig. 16.

The data on the phosphorus content of leaf in
relation to leaf positions are furnished in Table 28
and graphicelly represented in Fig. 13. The results of
statistical analysis are shown in Appendix VII, The
observations indicated that the leaf positions differed
slgnificantly in respect of the content of phosphorus
in leaf. The highesat percentage of phosphorus was
noticed in the first group of leaves (1st to hth leaf)
winleh progressively decreased with inereasing number
of the leaf positions thus showing that the pattern of
varlation in the phosphorus content of leaf in relation
to leaf position closely resembled with that of nitrogen.



Table 28. Effect of NPK treatments on phosphorus content

on leaf in relation to leaf positions, % on
moisture free basis

Leaf positions

Si. Preatnents

No. 1=l 5«8 9-12 13-16
1 noPdk, 0.206 0.167 0.171 0.146
2 NP4k, 0.18% 0.167 0.175 0.146
3 nyBgk, 0.219 0.183 0.167 0.148
[ ngpk, 0.188 0.169 0.171 04165
5 n0p1k1 0.181 0173 0.171 0416
6 ngpk, 0.198 0.183 0.181 0.156
7 n,pk 0.208 0.188 0.183 0.175
8 ngpok, 0.188 0,175  0.177 0.173
9 ngp k., 0.213 0.183 0.177 0.167

10 1Pk, 0.183 0.175 0.171 04169

1 0,00k, 0.192 0.183 0.171 0.171

12 npok, 0.219 0.1814 0,189 0.165

13 n 2k, 0.192 0.181 0.179 0.173

1 P4k, 0.20 0.135 0.135 0.15%

15 n4Pk, 0,208 0.183 0.150 0.146

16 n1p2k0 0.252 0.167 0.196 0. 185

17 n4Dgk4 0.208 0.171 0.179 0.169

18 04Dk 0.246 0.196 0.188 0.167

19 naPgkg 0.260 0.271 0.258 0.150

20 ngpgk 4 0.256 0.192 0.185 0.175

21 nopgia 0.229 0.173 0.133 0.177

22 ngpqkg 0,194 0.20% 0,770 0.138

23 nopgka 0,234 0.179 0.167 0.163

2% nopiks 0.20% ¢ 0,194 0.202 0.163

25 ngpoky 0,235 0.192 0.163 0.165

26 nopoky 0.188 0,181 0.179 0.163

27 nopoks 0.177 0.179 0.152 0.167

By 0.217 0,188 0.18% 0.161
J 0.265 0.198 0.170 0,156
gg 0.191 04181 04177 0,170

an 0.211 0.182 0.177 0.162

C.D. for comparing posiltions

0.008

CoD. for comparing levels of Nitrogen, phosphorus and

potassium  0.006
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The difference hetween the phosphorus content of the
positional groups second and third was not statistically
significant. The levels of phosphorus application
significantly influenced the phosphorus percentage of
leaves from different positional groups, However, the
percentage of all the positiongl groups falled to
correlate significantly with the total phosphorus uptake
of the plants. The values for the coefficient of
correlation for the positional groups 2, 3, 1 and 4 were
+ 0.191, + 0.186, + 0,057 and ~0.156 respectively, which

were not gignificant even at the 5 per cent level.

6.3 PRotagsium gontent of leaf in relation to jeaf
Rositions

The data on the potassium percenmbage of leaf
in relation to leaf positions are furnished in Table 29
and graphically represented in Fig.1. The analysis of
variance table 1s given in Appendix VII. The results
of statistical analysis showed that the leaf positions
differed significantly in respect of the content of
potassium in leaf. The highest percentage of this
nutrient was observed in the first group of leaf. (1st to
hih leaves) which continuously and significantly
decreased with increasing number of the leaf groups.
The levels of potassium application did not influence



Table 29. Effect of NPX treatments on potassium content
of leaf in relation to leaf positions, % on
wolsture free basls

Icaf positions

8.
No. Ireatments P 529

9=12 13-16

1 ngpgkg 2.60 2.60 2460 2.40
2 nadgky 3.00 2.80 2,60 2,60
3 neboks 3.00 2.80 2,60 2.20
4 ngbyke 3.00 2,70 2.50 2.10
5 ngpqky 2.90 2.70 2.60 2,40
6 ngheky 2,70 2,50 2,50 2,50
7 ngp Ko 3.30 3.00 3.00 3.00
8 nop ity 3.10 3.00 2,70 2.50
9 ngpgks 3020 3.00 2.80 2,50
10 n49gkq 2.70 2.60 2.50 2.40
1" nqDgly 3.50 3.20 3.00 3.00
12 n4dgks 2,90 2.80 2.70 2.50
13 nq94kq 3.10 2.90 2490 2.80
% n4p4k4 3.00 3.00 3,00 2.80
15 n1p1k2 3.10 2.70 2,60 2.60
16 nypsko 3.00 2.80 2.80 2.60
17 n1p2k1 3.00 2,40 2400 200
18 n4pgks 2,90 2,90 2.80 2.80
19 nypgkg 2,70 2,70 2.70 2.40
20 ngDoke 2,90 2.80 2,80 2,30
21 nsDgks 2.60 2.30 2.00 2,00
22 anpqkq 2,70 2.70 2.90 2.50
23 nypakg 2.80 2,60 2,60 2,30
24 ngpqkp 2.90 2.80 2,80 2.70
25 nabokg 2.70 2,60 2,50 2,30
26 DQQEK1 2.60 2.50 2.40 2,00
27 nopgks 2.70 2,60 2.60 2.40
X 2.87 2.73 2,67 2,56

Iq 2,98 2.78 2463 2,43

La 2.89 2.71 2.60 2,47

1Ean 2.9 Lok 2.63 2,59

C.D.for compariag positions 0,088
CJJD. for comparing levels of nitrogen, phosphorus and
potassium 0.078
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the potassium content of the leaf groups significantly.
Also eorrelations between potassium content of leaf
and total potassium uptake were not significant for any

of the pasitional groups examined.

7. Effect of NPK tregtments on oleoresin content of
Elnzer

The oleoresin content of ginger as influenced
by the fertilizer treatments are given in Table 30. The
results of statisticel andlysis are furnished in
Appendix VIII. The results showed that the levels of
nitrogen, phosphorus and potassium and thelr interactions
exmployed in the study could not influence the oleoresin
content of ginger significantly.



Table 30. Effect of HIPK treatments on oleoresin

content of giner

Sl.Ho. Treatments Oleoresin 2
1 nopoko 11.6
2 n0p0k1 10.2
3 NGk 12.6
L Yig24¥g 19,

5 n}p‘]k., 8-1
6 noPqko 1.7
7 nGPoky 8.0
8 nUpgk1 213
9 nopgk2 71
10 n1p0k0 8,7
11 D496K1 8.8
12 ny Dok, 118
13 nyP4Kg 8.3
1 nypqky 13.1
15 nypqky 7.6
17 1]1921{1 10.1
19 4Pk .5
19 8500k a7
20 NoPak 4 7.8
21 noPpkin 10.5
22 noDqkg 10.6
23 N5P4Ky 2.8
24 nopky 8.6
25 nQPEKO Dol
26 BoDoky 1041
27 nepek2 1247

1 11-20 P 10.19 k 9073

n? 1043 p? 9.79 k$11.03

ng  9.95 py 1.02 k510479

C.U. £or comwnazlag levels of Ny ¢ end K

—= NG,
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DISCUSSION
1e NP =) ts d (o)
oo hargeters d d 0
of ginge

1.1 Effect of NPK treatments

Results presented in Table 1 and analysis
of variance in Appendix II elucidate that among the
morphological characters exemined, the height of
tiller and total dry matter yileld of the plant are
markedly influenced by the varying doses of nitrogen,
while the application of phosphorus and potassium
could not affeet these characters. It is interesting
to note that no fertilizer treatment could bring about
gignificant changes on the morphological characters
like pumber of tillers per clump and number of leaves
per tiller.

As regards the influence of nitrogen levels
on the helght of tillers, it is seen that the maximum
helght 1s attained at the n, level which is superdor
to that of the Ry level., The maximum dry matter
production is also notlced at the ny level. In addition,
the superiority of the n, level is reflected in the
rhizome yield since the yleld at this level 1is the
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maximm and is significently higher as compared to
that at the n, level., It should be pointed out that
the increase of applied nitrogen from n, to n, level
caused a decline in the total dry matter and rhizome
yield of ginger.

These observations tend to explain that the
requirement of nitrogen for the maximum production of
dry matter is met at the n, level of nitrogen application
namely 80 kg/ha beyond which the plant could not
respond, It 1s assumed that the mumber of tillers
per clump and number of leaves per tiller are not
indicative of the total dry matter production of the
plant, while the height of the plant regilsters a
significant positive correlation with the rhigome yield.
Field observations manifest that heavy ylelding plants
of'ten put forth tillers with longer internodes which
contribute a greater value for the height of the
tiller while low ylelding plants usually possess
tillers with shorter internodes. This observation
corroborates the results reported by Nair (196%4), who
observed that the height of the plant responded to
the application of fertilizers and correlated with
the yield whereas characters like number of tillers
per clump and number of leaves per tiller were not
influenced.
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1.2 Zifect of period of growth

It is apparent from the observations recorded
on the morphological features of the plant in relation
to increasing period of growth that the total pericd
of growth put under ohservation (90th to 240th day)
can be divided into three phases with respect to the
development of aerial plant tissues. They are:(1) a
phase of active vegetative growth, which occurs from
the 90%h day to 120th day during which 25.5 per cent
of the total dry matter of the plant is put forth.
This period of 30 days accounts for 27.8 per cent of
the total number of tillers produced and 22.2 per cent
of the total height of the tillers; (2) a phase of
slow vegetative growth which occurs during the period
from 120th day to 180th day; (3) a phase approaching
senescence commencing from 180th day and extending
up to harvest, during which the eleboration of aerisl
plent parts is practically insignificent. The pattern
of rhizome enlargement follows almost the same trend
as that of the aerisl parts in relation to the
inereasing age of the crop. But, instead of a final
phase of senescence of insignificant growth in the
case of aerial tissue, the development of the rhizome
continues till harvest. It should be pointed out that
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during the phase of active growth (90th to 120th

day) 36.5 per cent of the total fresh weight of
rhizome has been formed, which emphasiges the
importance of early attention to the erop in the
manuring schedule as well as cultural practices.
These observations lend support to ths results
obtained by Neiyr (196%4) who observed similar
vegetative phases of different growth rate in the case

of turmeric. \
2 o) =) of ginpe t harve

Observations recorded in this study indicate
that the levels of nitrogen employed influence the
yield of rhizome significantly while the effect of
phosphorus and potassium and the interactions of
nitrogen, phosphorus and potassium are not significant.
The yield obtained at the n, level (80 kg N/ha) is
significantly superior to thav at the other two
levels (40 kg/ha and 120 kg/ha), the ny and n, levels
being on par, statistically. The inerease in applied
nitrogen from ny to n, enhances the rhizome yield
significantly while a further increase to the higpest
level decreases the yield. It should be mentioned‘
that the height of tiller, end total dry matter yf‘eld

\
\

4
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are significantly influenced at the n, level of
nitrogen application. The total nitrogen uptake

is also found influenced by the levels of nitrogen
tried. The uptake at the o, level is the maximum

and superior to the other levels employed. These
observations tend to remark that the maximum require-
ment of the c¢rop for giving the highest yield is
already mebt at the n, level of nitrogen application,
since further increase in the quantity of applied
nitrogen depresses the yield as well as its uptake.
The greater intake and appropriation of this nutrient
by the crop at the n, level is also reflected in the
comparatively low content of total nitrogen in the
soil examined after the ;crop growth. It is interesting
to observe that the lowest levels of phosphorus and
potassium added are sufficlent to give the maximum
yield obtained at the n, level of nitrogen application.
In fact, 1t 1s not possible now to presume whether
even the lowest levels of phosphorus and potassium
applied are required for the maximum yield recorded

in the experiment. These observations deserve serious
considerations since the present levels of phosphorus
and potassium recommended for the crop are 50 kg P205
and 50 kg K0 per hectare respectively which is at
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variance with the results of this investigation.

The optimum quantity of nitrogen required for
the crop worked out from this experiment, is
80,62 kg/ha. Optimum levels of phosphorus and
potagsiun cannot be estimated, since their leveils

tried hnave no significant response in terms of yleld,

The declsive influence of nitrogen and
relatively low effects of phosphorus snd potassium
on the yield of ginger have been reported by different
workers., The Jamalcan Department of Agricul.ture
(Anonymous, 1953) reported a yleld increase of
21 per cent by the application of nitrogen and no
response to application of phosphorus and potassiume.
Muralidharan et al. (1974) observed that 70 kg N/ha
increased the yleld of ginger significantly while
application of phosphorus and potassium had no effect.

3. Uptake of nitrogen
3.1 Effect tilizer treatuments

The results of the study indicate that the
levels of nitrogen tried significantly influence the
uptake of nitrogen by the plant. Levels of phosphorua
and potassium and interaction of nitrogen, phosphorus
and potassium have no significant effect on the uptake
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of this nutrient. The nitrogen uptske increases

when the level of nitrogen application increases

from 40 kg/ha to 80 kg/ha. But a further increase

to 120 kg/ha fails to register a significantly

higher uptake as compared to that at the 80 kg level.
This elucldates that the optimum requirement of
nitrogen has been satisfied by its uptake when added
at the rate of 80 kg/ha., Ihis increased uptake of
nitrogen at the n, level 1s due to the increased
production of dry matter as well as the higher
percentage of nitrogen present in the plant irrespective
of the type of the plant part namwely leaf, pseudostem
and rhizome., The upteke of nitrogen 1s well reflected
in the yield of rhizome since the maximum uptseke
synchronizes with the maximum yield.

3.2 Effect of srowth

The nitrogen uptake progressively increases
wlth advancing period of crop growth and the maximum
uptake is achieved at the 5th period (210 day) after
vhich upteke values do not inerease with the age.
There is marked intake of nitrogen by the crop during
the 30 days from 90th day to 120th day after planting.
This spurt in nitrogen intake accounts to 2.67g N/m2

while the total amount of nitrogen removed over the



86

entire period of growth is only 10.16 g/mz. This
envisages the need of supplying the crop with
nitrogen during thls critieal period of active growth.
In the present experiment, helf the quantity of
nitrogen was added on 60th day and the remaining

on 120th day. In fact, the quantity of nitrogen
removed by the exop till 120th day which 1s 7.37 g/n°
exceeds the quantity of inorganic nitrogen added to
the soil which is only 4% g/m:2 (40 kg/ha). This shows
that considerable asmount of nitrogen released by the
mineraslisation of organic mamires or that is originally
present in the soll has been drawn by the crop to
meet this requirement. But, the effective utilisation
of the second deose of nitrogen added on 120th day
appears to be comparatively poor since the nitrogen
uptake during the subsequent periods are not conspicuous.
It should be remembered at thils point that the
vegetative growth and the production of total dry
matter are also at the highest rate during 90th day
to 120th day as compared to the later periods, which
clearly explains the need of enhanced uptake and
appropriation of this nutrient by the crop during this
periods In the light of these observations the
probability of ilnereasing the efficlency of nitrogen
utilisation by advancing the second application of
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nitrogen to 90th day or 100th day carmot be
ruled out.

When the uptake of nitrogen in leaf, pseudostem
and rhizome 1s separately examined in relation to
the effect of increasing period of growth, it is
observed that the nitrogen uptake in leaf and
pseudostem increases up to ihe 180th day and then
decreases while the uptake in rhizome ccntinuocusly
increases till harvest, the increase being more marked
from 180th day. This suggests the translocation of
this element from the leaf and its subsequent
accumlation in rhizome to cope up with the :i.nereasxing‘4
welght of rhizome during the later stages of crop
growth.

4. Hotzke of phosphorus
4,1 Effect of fertiligzer treatments

Results of the studles on uptazke of phosphorus
shows that only the levels of nitrogen applied
influenced the total uptake of phosphorus among the
various fertilizer treatments employed. Among the
niltrogen levels, ny 1s superior to the other levels.

It needs emphasls that the levels of phosphorus
enployed could not bring about any significant increase



in the uptake of this element by the plant while

the levels of nitrogen significantly influenced it.
Obviously, this 18 because that the quantity of
phosphorus required by the crop has been obtalned
even at the Pg level making the higher levels tried
ineffective., Since nitrogen markedly influences the
rate of growth and the tissue elaboraztion of the
plant, it can be presumed that higher quantity of
phosphorus has to be tsken up by the plant to maintain
a constant level of phosphorus in the total dry matter
produced. As compared to the nitrogen uptake of the
crop (10.16 g/me) the uptake of phosphorus is compara=
tively low (1.47 g/m®) indicating that the total
requirement of this element in the plant is only
W47 per cent of that of nitrogen.

k.2 Effect of period of growth

The uptake of;phosphorus steadily increases
with the increasing age of the plant. As in the case
of hitrogen, the uptake of phosphorus also is at a
comparatively enhanced rate during the period of active
plant growth (90th to 120th day). This is evidently
due to the higher rate of dry matter production during
this period as compared to later stages of growth. 4s
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the full dose of phosphorus has been given as a
basal dressing, the availability of this nutrient
to the erop would have been more in the early period

of growth.

Observotions on the upbtake of pnosphorus in
leaf, pseudostem and rhizome in relation te the
increasing age of the plent revesl that the phosphorus
uptake in leaf and pseudostem progressively inereoses
up to the 180th day and then declines vwhile the uptake
of this nutrient element in rhizome steadily inereses
1ill harvest. This indicates the greater accumulation
and appropriation of phosphorus in rhizome necessi-
tiated consequent to the enlargement of the undergrounc

stem with advancing periocd of nmaturity.

5. Uptake of potassium
5.1 Effect of fertiliger treatments

Results reveal that the fertilizer treataents
introduced failed to infiuence the totzl uptake of
potassium by the erop significantly. When the effect
of trecatwents on the uptake of potassium in differcnt
plant parts arc examined, it is seen that the levels
of nitrogen significuntly influence the uptohe of

potassium in pseudosten, the n, level neing superiox
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to other levels in this respect. The failure of
introduced potassium levels to génerate a hilgher
uptoke of potassium by the crop is evidently due to
the availsbility of this mutrient at the required
gquantity even at the Ko level. The effect of n,

level of nitrogen in increasing the uptske of this
element in the pseudostem can only be due to the
increased production of dry matter under the influence
of pitrogen at this particular level.

5.2 Effect of period of growth

The uptake of npotassium progressively increases
with advencing age of the crop. As in the case of
the other two nutrients discussed, the uptske of
potagsium alsc is at a remarkably high rate during
the period of 90th to 120th day accounting for
29.3 per cent of the total uptake of this nutrient.
In the present study, half the dose of potassium is
given as basal dose and the remaining on 120th day,
while the results show that the active period of
uptake is between 90th day to 120th day. However,
in this trial, the time of application of potassium
would not have been decisive since the levels employed
have no significant effect on the uptazke.
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The pattern of uptake of potassium in lsaf,
pseudostem and rhizome in relation to Increasing
period of growth is similar to those for nitrogen
and phosphorus. The uptake in leaf and pseudcs tem
progresses till 180th day and then gradually
declines vhile the uptake in rhizome steadily progresses
till harvest,

6, d sation of le ositions for foli
diapnosis

One of the objectives of the present investi~
gatlon is to selest an index leaf or reflect for foliar
diagnosis in relation to nitrogen, phosphorus and
potassium. Icaf samples collected from different
positional groups are examined for this purpose, For
the selection of the index leaf, the following
attributes of a reflect is kept in mind.

1. The reflect should contain sufficient
amount of the nutrient element in question
for its easy estimation.

2« The reflect should respond to varying
levels ofthe nutrient element supplied
or its uptake by the plant.

3« The sampling errors should be minimum i.e.
the idex leaf should belong to the
platean of the curve when the nutrient
percentage ofthe leaf is plotted against
the leaf positions.

i
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%, 4s far as possible, the nutrient percentage
of the leaf should correlate with the
yileld of the crop.

The results on the nitrogen content of leaf in
relation to leaf positions show that the highest
pereentage of this nutrient is in the first group of
leaves ( 1st to Wih) which contimuously decreases with
increasing munber of the leaf positions. Differences
between the positional groups 2nd and 3rd and between
3rd and %th are not statistically significant
suggesting that the values are slmoest stabilised during
this range of leaf positions.e The levels of nitrogen
appllication significantly influence the nitrogen
percentage of leaf from the different positional
groups. The coefficient of correlation between nitrogen
percentage in leaf of positionsal groups and total
nitrogen uptake 1s highest for the positional group 2.
Other positionol groups are also poslively correlated.
The above observations suggest that any positional
group in the ronge of group 2 Lo 4 will serve as a
satisfactory reflect for estimating the nitrogen
status of the plant.

A higher content of phosphorus 1s noticed in

tne first group of leaves which progressively decreases



with the increasing number of leaf positions
indicating that the pattern of variation in phosphorus
percentage in relatlion to leaf position closely
resembles with that of nitrogen. The difference
between the phosphorus content of the positional
groups 2 and 3 is not significant thereby indicating
an area of stabllised 2level of this nutrient at this
range. However, the content of phosphorus of all the
positionsl groups fail to correlate significantly
with the uptake of this nutrient by the crop. Thus,
among the positionsl groups tried, the second and
third groups are superior to the other positional
groups in satisfying atleast some of the requirements
of an ideal reflect.

As in the case of nitrogen and phosphorus, the
highest percentage of polassium is observed in the
first group of leaves which continuously and signie-
ficantly decreasea with the incressing number of leaf
positions., Comparatively, the difference between
the second and third groups 1s smaller than the
differences between the other adjacent groups.
Correlations between potassium content of leaf and
total uptake of potassium are not significant for any
of the positional groups examined.
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The foregoing observations are supporting
for the selection of the second and third positional
groups (5th to 12th leaves) as the index leaves for
foligr diagnosis in ginger in relation to nitrogen,
phosphorus and potassium status of the plant.

Regarding the optimum period of sampling for
foliar diagnosis, it appéars that the period between
90th day to 120th day after planting will be the ideal

range on the following grounds:

(1) This period represents the phase of
active vegetative growth both for aerial
gnd underground tissue.

(11) This period accounts for the major porticn
of the nutrients femoved by the crop.

(114) Application of fertilizers for adjusting
the nutrient status of the fertilizer
elements will be effective only if they
are applled in the phage of active growth
and uptake.

7. t of NPK treatments the oleo Qo]
£_gingepr
The results given in Table 30 reveal that the

levels of nitrogen, phosphorus and potassium and

their interactions have no significent influence on
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the oleoresin content of ginger. This suggests
that the percentage oleoresin content of ginger

is independent of the total nitrogon uptake of the
plants, since the increased uptake of nitrogen at
the n, level could not contribute towards an added
content of oleorssin per unit weight of dry ginger.
It is also likely that the increased uptake of
nitrogen is sufficient only to meet the requirement
eonsequent to increased production of rhizome rather
than to raise the content of oleoresin per unit
weight of rhizome. The levels of phosphorus and
potasgium perhaps, cennot be expected to influence
the oleoresin content of ginger in the present
investigation, since they could not effect an increased
uptakoe of these mutrients. Also, it is equally
probable that the synthesis of the components of
oleoresin are not significantly governed by the
ldvel of these nutrlients available in plant tissue.



SUMMARY



SUMMARY

A fleld experiment was conducted at the
Instructional Farm, attached to the College of
Horticulture, Vellanikkara during the period from
May 1977, to January 1978 to study the effect of
graded doses of nitrogen, phosphorus and potassium
on the growth, yield and quality of ginger and also
to develop suitable foliar diagnosis techniques in
relation to these nutrient elements. The treatments

comprised of three levels each of nitrogen (&0, 80
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and 120 kg N/ha), phospnorus (30, 60 and 90 kg P205/ha)

and potassium (40, 80 and 120 kg K,0/ha). The
experiment was laid out in a 33 factorial experiment
in rendamised block design confohding the effect of
interaction NP2K2 totally., The important findings

were summarised below,

1. Among the morphological characters put
under observation, only the height of tiller and the
total dry matter yleld were found influenced by the
fertilizer treatments, while other characters like
number of tillers and number of leaves per tiller
remained unaffected. Of the fertilizer treatments,
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nitrogen at 80 kg/ha was superior to the other
levels. The effects of varying levels of phosphorus

and potassium were not significant.

2. Application of nitrogen influenced the
yield of rhizome significantly, while the effect of
phosphorus and potessium and the interactions of
nitrogen, phosphorus snd potassium were not significant.
The increase in nitrogen from 40 kg to 80 kg/ha
enhanced the rhizome ylelds significantly, while a
further increase to the highest level of 120 kg/ha
decreased the yield, Based on the study the optirum
level of nitrogen application was worked out to
80,62 kg/ha.

3. KNitrogen uptske by the plant was
significantly influenced by the application of nitrogen.
Nitrogen upteke was the hignest at the n, level of
80 kg N/ha.

4. Phosphorus uptske by the plant was
significantly influenced by the application of
nitrogen. Among the nitrogen levels, 80 kg N/ha was
superior to other levels of application.

5. Fertiligzer treatments falled to influence
the total uptake of potassium by the crop.



6. The total perlod of growth put under
cbservation (90th to 240th day) was seen belonged
to three phases in respect of the development of
aerigl tissues. They are: a phase of active
vegetative growth (90th to 120th day); a phase of
slow vegetative growth (120th to 180th day) and a
phase approaching senescence (180th day to harvest).
The pattern of rhizome development followed the same
trend as that of aerlal tissue but instead of a
final phase of insignificant growth, the developuent
of rhizome continued till harvest.

7. The uptake of nitrogen, phosphorus and
potassium progressively increased with advancing
period of crop growth. The rave of uptoke of these
nutrient was remarkably hagn during the period of
active plant growth (90th to 120th dsy).

8. The pattern of uptake of nitrogen,
phosphorus and potassium in relaticn to inereasing
age of the plant revealed thet the uptake of this
nutrient in leaf and pseudostem progressively
increased upto 180th day and then declined while
thz/air upteke in rhizome steadily increased till

harvest.

98
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9. The content of nitrogen, phosphorus
and potassium was the highest in the top most leaves
and continuously decreased with increasing number
of the leaf positions. Differences between positional
groups 2nd and 3rd and between 3rd and 4th, when the
leaves are numbered from top to bottom of the tiller,
were not significant, suggesting that the level of
the mutrient elements are almost stablished in this
range of leaf positions. The coefficients of
correlation between nitrogen perceentage in the leaf
and total nitrogen uptake were higher for groups 2
and 3, suggesting the sulitabllity of the leaves of
these groups (5th to 12th leaves) as the reflect for
foliar disgnosis in ginger. Regarding the optimum
age of the plant for sampling, it appeared that the
period between 90th to 120th day after planging will
be the best.

10, The incremental doses of nitrogen,
phosphorus and potassium and their interactions
could not influence the percentage oleoresin content
of ginger significantly.
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APPENDIX
Yeather data (May 1977 to January 1978)

I

Month Belnfadl, o Temperature, °C Humidity, %

Max. Min. Morning Evening
May 29%.6 36.3 21.6 95 55
June 586.2 31.3 21.3 98 66
July 721.1 31.0 21.7 98 66
August 19%.2 30.9 22.0 98 6+
September 162.6 32,5 22.6 98 61
October 389.9 33.0 22.0 97 55
November 440,8 32.8 21.1 97 58
December - 32¢4 17.6 89 40
January - .3 15.3 93 18




APPENDIX IIX

Effect of NPK treatments and period of growth on the morphological
characters and dry matter yield of ginger:

Anzlysis of variance

Mean squares

8ource ar
No.of tillers No.of leaves Height of Total dry matter
per clump per tiller tiller
Block 2 b O 8.36 111.33 0,030
Period 5 1433.89"" 11%.26"" 918.19** .
N 2 39.89 3.97 L2475 0.058
P 2 34,07 0.17 55.32 0.013
P " 39.97 13.7% 621.06" " 0.015
K 2 6.00 0.89 49,43 0.0
BK i 10.00 2.36 7732 0.009
PK 4 20,00 3.15 ™.28 0.036
Error 136 46,11 4.76 38.92 0,008

(6f - 6)

** Significant at 1% level

* Significent at 5% level (Contd.. )



A. Comparison of pericds {Meazn values furnished in Table 1)

Conclusion
No.of tillers per clump 6 5 & 3 2 1
No. of leaves per tiller 6 5 & 3 2 1
Height of tiller 5 F 3 2 1
B. Gomparision of nitrogen levels (Mean ¥alues furnished in Tabls 1)
Conclusion
Effeet of nitrogen on height of tiller 1'1'.;'""""'1'12 g
Effect of nitrogen on total dry matter ny n, ng

C.Comparision of NP interaction (Effect of height of %tiller)

ng ry n, Mean
Pg 36.67 32.93 40.86 40,15
P, 30.18  k3.02 ko2 40.82

Mean 37.09 42,72 39.95




APPENDIX IIIX
Rhizone yield of ginger at harvest.

Analysis of variance

Source af Mean square
Block 9 79
N 2 391"
P 2 0.82
NP Y 0.56
K 2 0.42
RK Y 0.65
PK 4 0.39
NPK 2 0.41
NP2k 2 0.05
NPK? 2 1.61
Error P12 0.68

s3Gignificant at 1% level.
Comparison of levels of nitrogen

Treatments Yield
n 2.70
n:) 3.48
n, 2.65
C.D. 0.57

Conclusion n, n_"—ﬁ‘a'



APPENDIX IV
Effect of NPK treatments mnd period of growth sn nitrogen content of ginger:

Analysis of variance

Mean squares

Source  df g aoptent N content N content Uptake  Uptake Uptake  Total
of leaf of pseu- of rhizons :?.falii‘ in of N in of N in uptuke
e

dosten pseudostem rhizome N

Block 2 0.13 0.0 0.08 0.37 0.28 6.5 - 4,975
Period  § 6.9 1,680 1337 w57 367 awgp™

" 2 137" 0.315 RN 939" 1,56 9.8%  13.8%
P 2 0.117 0.047 0.03 1.12 0.0005 0.22 047
Np 4 0.086 0.117 0.03 0.13 0,065 1.83 1.88
K 2 0.151 0.058 0,05 1.80 0.227 0.7% o
1.4 L 0.020 0.096 0.19 0.347 0.073 0,91 1.56
PK " 0.1 0.034 0.016 1.81 0.0 2.53 GRS
Error 136 0.370 0.124 0.106 2.00 0.28% %.38 1.82

{(af ~ 6)

*& Significont at 1 3 level
* S8ignificant at ¥ % level

(Contd «.. )



A. Comparison of periods
(Mean values furnished in Table 10)

Conclusion

N content of leaf

N content of pseudostem
N content of rhizome

N uptake leaf

N uptake
N uptske
N uptake

pseudosten
Thizome
total

B. Comparison of levels of nitrogen
(Mean values furnished in Table 10)

Conclusion
N content of leaf
N uptake leaf
N uptake pseudostem
U uptake total




Effect of NPK treatments and period of growth on phosphorus content of ginger:

APPENDIX V

Analysis of variance

Source df

Mean squares

P content P content P content Uptake Uptake Uptake Total
of leaf of pseu=~ of rhizome of Pin of P in of P in uptake
dostem leaf pseudostem rhizome P
Block 2 0.0002 0.0013 0.0025 0.01%9  0.0082 0.2670 2.363"
Period 5  0.0979°F  0.1260" 0.0718™  o.5om™ 0.0385"" 1.9200""
N 2 0.0005 0.0023 0.0002 0.0230  0.0495"  0.1130 0.157"
P 2 0.0006 0.0029 0.0029 0.0058 0.0070 0.0200 0.0%1
NP 4 0.0002 0.0029 0.001k% 0.0018 0.001% 0.0910 0.055
K 2 0.000% 0.0011 0.0009 0.,0170 0.0033 0.0050 0.04%0
NK 4 0.0001 0. 00004 0.0037 0,010k 0.0022 0.0700 0.045
PK 3 0.0002 0.0003 0.000l 0.0092 0.0030 0.1740 0. 46
Error 136 0.0039 0.0049 0.003% 0.0218  0.0041 0.1050 ; dg. 032)

** 8ignificant at 1 % level
* Significant at 5 % level



A. Comparison of periods
{Mean values furnished in Tadble 18)

Conclusion
P content of leaf
P content of pseudosten
P content of rhizome
P uptake leaf
P uptake pseudosten
P uptake rhizome

P uptake total
B. Comparison of levels of niltrogen

(Mean values furnished in Table 18)
Conclusion

P uptake pseudosten
P uptake total

371 25 % 6
1 372 4% 56
1T 3 2 kK65
39 F 2 6 1
¥73 6 5 1 2
6 5 8 3 2 1
6 3 & 3 2 1




APPENDIX VI

Effect of NPK treatments and periocd of growth on potassium content of ginger:
Analysis of variance

Mean squares

Source  df K content K content K content Uptake Uptake Uptake Total
of leaf of pseu~ of rhizome of Kin of K in of Kin uptake
dosten leaf pseudostem rhizome K
Hlock 2  0.045 1.490 0.473 5.048 12,31 .21 57.98
Period &  61.116"%  65.250" 118.000°*  35.790%* 109.07"%  215.25"
¥ 2 0.154 1.120 0.009 1.5%0 3340 38.72  18.11
» 2 0.640 0.213 1.100 1,640 0.60 1.35 46.63
e L 0.189 0.95% 1.880 2,650  13.06 8.79  M.A2
X 2 0.210 0.935 0430 3.860  17.68 Bu16 26490
NK L 0.390 0.275 0.249 0.700 2.73 12.34 .23
PKX ¥ 0.300 1.360 0.573 1.148 3.29 15.88  27.35
Error 136 2,420 16.560 ¥.992 8.126 8.50 16.08 (;?-222)

** Significant at 1 % level
* Significant at 54 level (Contde.. )



A. Comparlsion of periods
(Mean values furnished in Table 26)

Conclusion
K content of leaf
K content of pseudostem
K content of rhizome
K uptake leaf
K uptake pseudostem
K uptake raizome
K uptake total

B. Cauparison of levels of nitrogen
(Mean values furnished in Table 26)

Conclusion
K uptake pseudosten

172 3 % 6 5
1T 35 5 2 6
T2 ¥ 6 5
FH 395 6 1
K5 6 3 1 2
6 2 3 1
6 & 5 2 3 1




APPENDIX VII
Effect of NPK treatments on NPK content of leaf in relation to leaf positions

Analysis of variance

Mean squares

Source ¥ content of leaf P content of leaf K content of leaf
positions positions positions

Block 2 0.61" 0.0008 0.0395
Position 3 3.2 0.0117"" 0.8690""
N 2 1.18" 0.0021™" 04460
P 2 b.01"" 0.0013"* 0.0260
e 4 1.09'" 0.0018"" 0.2820"*
X 2 0.52 0.0012" 0.0180
NK " 0.83" 0.0003 0.0170
PK % 0.53 0.00001 0.3740" "
Error ah 0.19 0.00029 0.0271

** Significant at 1 % level

* Significant at 5 % level (Contdeee )



A. Comparison of positions

(Mean values furhished in Table 27, 28 and 29)
Conclusion

N content of leaf positions

X content of leaf positions

K content of leaf positions

9-12 13- 16
9-12 13-~ 16
9-12 13- 16

- e -
L]
+ F F

5 -8
5 =8
5 -8
B, Comparison of nitrogen levels

(Mezn volues furnished in Table 27, 28 and 29)

Conclusion
i content of leaf positions n, n3 ng
P content of leaf positions n, zfr"‘"“no
£ content off leaf posicions I n,
C. Compolaison of phosphorus ievels
P levels N content P content
Po 2.07 0.187
P1 1.81 0.177
Pa 2.47 0.185
c.D. 0,168 0.006
Conelusion
N content of leaf positions Bo Po Pq
P content of leaf positions Bo P2 Py

(Contdeas 3



D, Comparison of NP interaction
a) B content of leaf positions b) P content of leaf positions e¢) K cuntent of leal positicns

Ny n, 0, Mean Iy n, By Hean n, n, Dy Hean
.PO 171 2.11 2.39 2407 ) 0.173 0.10 0.21 0.19 Pg 2,69 2.82 2.52 2.66
Py 1.79  2.17 1.49 1ed1 2y 0.173 U.17 0.18 0,18 p".] 2.52 2.88 2,66 2.7
Py 2.48 2.68 2.29 2.47 2 0.18% 0.19 0.18 Q.19 Py 293 2,67 2.53 2.71
Mean 1.98 2.32 2.05 2.12 ¥ean0.177 0.18 0.19  0.18 lean 2.72 2,79 2.57 2.69
E. Comparison of levels of X F. Comparison of UK interaction G. Camparison of 2K interaction
N _content of leaf wvositions R content of leaf positiwm s
K levels P content of leaf n n n Hean
positions a L Pg Py Py |Mean
ko 0,188 I Pe 39 230 2.07 2:25 ko Be 93 ’2.#0 ’n-&lr 2.%
k1 0179 L 1.88 2,306 .82 2«02 k.‘ 2.88 2.93 2.52 2.71
k2 0.183 K 1.68 2.21 2.25 2,08 k2 2.93 2.70 2.77? 2.67
C.De 0.0067% iean 1.98 2.32 2.0% 2.12 Hean 2,66 2.71 2.71 2.70
Conclusion

k‘a""" k 2"""”61



APPENDIX VIII

Effect of NPK treatments on oleoresin content of gingers
Analysis of variance

Source af Mean square
Block 2 11.925
N 2 3.615
P 2 8.365
NP 3 0.835
K -] 3.990
K L }.768
PK 4 7.943
Error 6 16.520




APPENDIX IX
Effect of NPK treatments and crop growth on NPK content of soil

Organiec Total Availgble , Avallable I
carbon nitrogen  phosphorus potassium P
Pretreatuwent soil 1.5 0.198 0,0025 0.0325 5
Post harvest soil
n, 1.589 0.22% 0.0049 0.0300
n, 1.579 0,218 0.0043 0.0296
n, 1.583 0.236 0.0041 0.0262
Py 1.983 0.22% 0.0049 0.0296
Py 1.587 0.205 0.0039 0.0289
Py 1.581 0.249 0.004% 0.027%
kq 1.579 0,222 0.0041 0.0255
k1 1.589 0.226 0.0043 0.0329
k2 1.583 0.230 .00 0.0275

Hesults of mechanicsl analysis of pretreatment soil

Coarse send - 24% Silt -~ 22.,65%
Pine sand -~ 21.27% Clay =~ 30.15%
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ABSTRACT

A field experiment was carried out at the
Instructional Farm, attached to the College of
Horticulture, Vellanikkara during 1977-78 to study
the effect of graded doses of nitrogen, phosphorus
and potassium on the growth, yield and quality of
ginger and also to develop suitable foliar disgnosis
techniques in relation to these nutrient elements.
The treatments comprised of thres levels each of
nitrogen (40, 80 and 120 kg N/ha), Phosphorus (30,
60 and 90 kg P2O5Iha) and potassium (40, 80 and
120 kg K,0/ha). The experiment was lald out in a
33 factorial experiment in randomised block design
confounding the affect of interaction NP2K2 totally.

The results revealed that emong the
morphological characters studied, only tha height
of tiller and total dry matter of the plant were
markedly influenced, while other characters like
number of tillers and number of leaves per tiller
were not effected. Of the fertilizer trecatment3d,
nitrogen at 80 kg/ha significantly effected these
two characters, while the effect of phosphorus and
potassium were not significant.



Application of nitrogen at 80 kg/ha
significently increased the rhizome yleld of the
erop, vhile the levels of phosphorus and potassium
employed failed to influence the yield.

Uptake of nitrogen and phosphorus by the \
plant was significantly influenced by the zspplication
of nitrogen at the rate of 80 kg/ha, wnereas the
graded doses of phosphorus and potassium had no
significant influence in this respect. The uptake

of potassium on the other hand was not influenced

by any of the fertilizer treatment introduced.

The total period of growth put under observation
appeared divisible into three phases with respect
to the development of aerial tissues nanmely, a
phase of active vegetative growth (90th to 120th day
after planting); a phase of slow vegstative growth
{120th tc 180th day) and a phase approaching
genescence {180th day to harvest). The pattern of
the rhizome development followed the same trend as
that of the aerlal tissue, but instead of a final
phase of insignificant growth, the development of
rhizome continued till harvest.



The uptake of nitrogen, phosphorus and
potassium progressively increased with advancing
period of grop growth., There was marked uptake of
these nutrients by the plant during the period of
active plant growth (90th to 120th day after
planting). The uptake of nitrogen, phosphorus and
potassium in leaf and pseudostem progressively
increased upto 180th day and then decreased while
their uptaske in rhizome steadily increased till harvest.

The content of nitrogen phosphorus and potasaium
vas highest in the top most leaves and continuously
decreased with increasing number of the leaf position,
when the leaves are numbered from top to bottom of
tne tiller. In consideration of the stability of
matrient level with leaf positicna and sensitivity
or correlation with varying doses end uptake, ths
group of 5tn to 12th leaves appeared to be the best
suited for foliar diagnosis of N, P and K status
of the crop. The period between 90th to 120th day
after planting was recommended as the optimum period
for the detection and amendment of the nutrient

atatus of the crop.

The graded doses of nitrogen, phosphorus and
potassium and their interaction failed to influence
the percentage oleoresin content of ginger.



