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It has long been known that plants are capable of absorbing
nmutrients through above-ground parvs. The earliest published
report on foliayr absorpiion of mineral nutrients was by
Grist) (184k) and this was followed by those of Nayer (1874),
Bohm (1877) and liltner (1909), Research on this subjeect has
been greatly stimulated in recent years by the use of radioactive
isotopes, by the availability of concentrated highly soluble
fertilizers oand by the develepment of suitable sprayers.

The spectyum of materials, known at present to be absorbed
by plant follage, is exceedingly broad, Anions such as nitrates,
phosphates, sulphetes, chlorides and ilodides; monovalent cations
like potassium, sodium and rubidium; divalent cations as calcium,
magnesium, strontium and barium; and trace clements like iron,
manganese, sinc, copper, molybdenum and cobalt, are all readily
absorbed by plant foliage.

Experimental evidence is now available which establishes
the positive response to foliar applied nutrients, of a variety
of field crops, vogetable crops, fruit trees and plantation
CYOpS. Correction of trace element deficiencies by foliar
spraying 1s at present prevalent om a commercial scale in the
orchayds of California and Florida. It is reported that
seventy five to eighty percent of nitrogen currently applied
to lawaiian pineapple fields is in the form of urea sprays,
while forty to fifty percent of the phosphorns and potassium
fervilizer is applled to the foliage. Nutritional spraying of



row crops and smwall grains with complete fertilizers has
developed as an agricultural practice and has recently
achieved considerable prominence abroad,

During the past two decades, intensive studies have been
made on the use of foliar sprays as a means of furnishing a
considerable part of the nitrogen needs of several crops,
Thorne and Watson (1955) reported that in wheat vrea sprays
produced increases in yleld and nitrogen content of grain.
Jaurez, Applegate and Hamner (1957) obtained enhancement of
yield and protein content of barley by foliar application of
urea, HNaraysnan and Vasudevan (1959) reported that weight
of maize cob increased by more than thirty percent over non-
sprayed crop by spraying with urea and ammonium sulphate.
Increases in tobacco crop yield to the extent of 13,3 per cent
due to foliar application of macronutrients were reported by
Iiinkov (1959),

The extensive foliage expanse of tobacco plants would at
once suggest the feasibility of supplying nutrients through
leaf sprays, An interrupted or irregular supply of nutrients
has deleterious effect both on growth and yield of the tobacco
c¢rop, At times, it has been found difficult to maintain a
regulated supply of available nutrients according to the needs
of the crop during different phases of growth through soil
application of solid fertilizers. A judicious control of
nutrient levels in plants during critical periods of growth

vould appear to be more posBible with foliar feeding.
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Furthermore, there exists special problems in diffevent
tobacco soils, such as: (1) rapid fixation of nutrients in
forms unavailable to the crop, (2} loss of nutrients due to
leaching and (3} low moisture levels reducing the availability
of nutrients. Under such situations efficiency of nutrient-
uptake from foliar sprays may be expected to be greatest, in
comparison with that from solid fertilizers applied to the soil.

Chewing tobacco (Nicotiana tabaccum L.) is an important

cash crop in the Cannanore District of Kerala. It is growm

on the littoral sandy soil as well as on laterite loam.
Intensive manuring is practised by the growers, The crop
receives on the average over three hundred kilograms of nitrogen
per hectacre. It seems obvious from the nature of the soils
and heavy precipitation received in the locality that losses

of nutrients on account of fixation in unavailable forms and
leaching are inevitable,

Little research work has been done on the nutritional
aspect of this type of tobacco,

In contrast to the cigarette tobacco types, in the case
of chewing tobacco, high yields are consistent with high
quality and libsral nitrogenous manuring.

In view of the beneficial response to foliar spray of
macronutrients, reported in other c¢rops, it was felt worthwhile
to investigate the feasibility of applying nitrogenous
fertilizers through foliage in chewing tobacco.

The objects of the present investigation were:
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(1) To study the effect of nitrogenous fertilizers
on yield and allied economic characters of chewing tobacco,

(2) To find out the suitable quantity of nitrogen,
applied as foliar spray which would produce high yield,

(3) To study the effect of foliar application of
nitrogenous fertilizers on total nitrogen, nicotine,
potassium and chlorine content of the cured leaf.

(4) To make a comparative study of two methods of
supplying nutrient, viz: (1) foliar spray of fertilizer
golutions and (2) soil application of solid fertilizers.

The results of the investigation conducted during

1962-63 are described and discussed in the following pages.



REVIEW OF LITERATURE

The phenomenon of foliar sbsorption of nutrients, or the
associated agricultural practice, has been variously described
as foliar feeding, nutrient absorption by above-ground plant
parts, extra-radical feeding, non-root feeding and
"Blattdumgung. ® The earliest published report on foliar
absorption of mineral nutrients was by Griss (1844) and
this was followed by reports of Nayer (1874), Bohm (1877}
and Hiltner (1909). Research on this subject has been
greatly stimulated during recent years by the utilisation
of radioisotopes, by the availability of concentrated highly
soluble fertilizers and by the development of suitable
spraying equipment.

Mechanism of Foliar Absorption.

The evidence available at present is insufficient to
define completely the mechanism involved in foliar absorption
of individual nutrients.

The primary mechanism for urea absorption is probably
diffusion, since it is absorbed and moved throughout the
plant very rapidly, as was evideni from the studies on
absorption rates for nutrients applied to plant foliage,
made by several research werkers as Fisher and Walker (1955),
Hilton and Shaw (1956), Bukovac and Wittwer (1956) and
Sanford ete. gl.(1958). Hmert and Klinker (1950) and
Hilton and Shaw (1956) found that for urea uptake an energy

source is apparently not required, It has been shown by
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Kuykendall and Wallace (1954) that the temperature
coefficient (Qqp) for absorption of urea is close to one.

The absorption of phosphate, sulphate and chloride
appears to involve eibher an exchange or an active
absorption process., This is evident from data presented
on energy requirements by Yatazawa and Higashino (1953},
on accumulation by long, Sweet and Tukey (1956), and on
sensitivity to exhibitors by Arisz (1958).

Fagtors affecting absorption.
(a) Contact angle and surface wetting,

Fogg (1947) found great differences in the contact
angles of iater on the leaves of different species, due
to variations in age and water content of leaf, Hesse
and Griggs (1950) observed differences in the degree of
surface wetting of peach leaves of various varieties, which
appeared to be due to the composition of the cuticle,

Studies by Guest and Chapman (1948) and Cook and
Boynton (1952) indicated that wetting agents increased
the efficiency of absorption by leaves.

Boynton (195L) emphasized the importance of contact
angle of the applied solution droplets as well as surface
wetting in foliar absorption.

Studies by Barrier and Loomis (1957} and Koontz and
Beddulph (1957} showed that surfactants {wetting agents)

seldom play a dominant role in mineral uptake,



(v) Paths of entry.
Coock and Boynton (1952) reported that the lower surfaces

of apple leaves alweys absorbed a larger propertion of urea
applied, than did the upper surfaces. They further stated
that the shorter the time interval, the greater is the
relative efficlency in absorption by lower leaf surfaces;
the larger the time interval, the smeller is the advantage
of the lower surface application, until ultimately it became
non-existent, Skoss (1955) observed that stomates act as
the major portal of entry of sprayed substances.

Orgell (1955) suggested that eracks and imperfections
in the cuticle or an imbricated cuticle of small platelets
cemented together by pectic materials, might result in ready
penetyation of foliar-applied polar substances. Data presented
by several workers as Stewart and Leonard (1955), Frank {1957)
and Gustafson (1957} indicated that passage through imper-
fection in the cuticular layer or through the cuticle itself
is equally important as the entry through stomata,

(¢) Tenperature and humidity.

ook and Boynton (1952) found that there were signi-
ficant linear correlations both between air temperature
and absorption and between relative humidity and absorption.
When relative humidity and temperature combine to decrease
the vapour'pressure gradient at the leaf surface, greater

absorption might be expected.
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Sosa-Bourdouil and Lecat (1952) reported that for
phosphorus absorption the Qi value approximated to two.
Same Q4 values were reported for potassiva and rubidium
by Teubner, Bukovac, Gaur and Wittwer (1958).

{d) Age and nitrogen status of absorbing leaves.

Cook and Eoynton (1952) reported that older apple
leaves were less efficient in short period absorption of
urea nitrogen than younger leaves, Fisher and Walker (1955)
and Koontz and Biddulph (1957) reported that foliar absorp-
tion rates for phosphorus were greater for young leaves
than for old.

The studies of Cook and Boynton (1952} indicated that
apple leaves which were grown under high nitrogen conditions
were more efficient in absorxption of urea nitrogen than were
iow nivrogen leaves, Higashino and Yatazawa (1952) reported
that plants deficient in phosphorus absorbed foliar applied
phosphorus more rapidly than those grown in phosphorus rich
nedia,

(e) Cuemical composition of the nutrient spray.

Parker (1934) reported that addition of lime to =zinc
sulphate alleviated the spray injury.

Emmert and Klinker (1950) working with tomato,
Kuydendall and Wallace {1953} with citrus, and Cook
and Boynton (1952) with apple found that the addition
of sucrose to urea spray of injurious concentration,
eliminated the leaf injury that occurred in the absence

of the sucrose,



-0 -

Montelaro, Hall and Jamison (1952) found that tomato
leaves were less subject to injuries from epsom salis
sprays of relatively high concentration, than from sprays
of urea at comparable molar concentrations,

Plant responses to spravs of nitrogenous fertilizers,

Hamilton, Palmiter and Anderson {(1943) reported
significant increase of leaf chlorophyll and leaf total
nitrogen in apple trees sprayed with urea at five pounds
per hundred gallons plus one pound of lime.

Fisher and co-workers (1948, 1950, 1952) ‘established
that over a period of years application of three urea sprays
at a rate of five pounds per 100 gallons at weekly intervals
in the early post-bloom periocd gave nitrogen effects
sufficient to keep apple trees moderately vigorous and
productive, Comparing the effects of foliar application
with those of soil application of urea in spring, they
found that leaf sprays were as effective in promoting tree
productivity and possibly a little more effective than soil
application of the same amount of nitrogen, Beneficial
effects in temms of yield and gquality of apple fruit due
to foliar application of nitrogen fertilizers were reported
by Benson and Bullock (1951), Bould and Tolhurst (1951)
and Blasberg (1953). Grappe (1958) found that four urea
sprays at 0.7 per cent, increased yields of apple trees
by 13.5 per cent, Van Lier (1960) reported that 0.5 per
cent urea sprays on lightly pruned apple trees tended to

improve fruit set and yield, Sako (1960) reported that
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urea sprays had marked effect on the nitrogen content of
the leaves of apple trees. Oland (1960) observed that
the amount of nitrogen absorbed by apple leaves from a
single spray of urea was comparable to a net intake of
30-40 kilograms of nitrogen per hectacre.
Haas {1949) and Jones and Steinacker (1953) observed
that the leaves of lemon and orange trees were efficient
in absorption of urea sprays. Kuykendall and Wallace (1953)
stated that urea nitrogen appeared to be readily assimilated
in green leaves and did not affect juice quality in citrus,
Camon (1950) reported significant results obtained
by applying urea spray to pineapples.
Madera Bernal (1953) and Naundorf (1954, 1960) reported
beneficial effects in cocoa plants by spraying with urea,
Robinson and Harcombe (1959) showed that in order to
avoid leaf scorch in leaves of arabica coffee plants the
strength of urea should not exceed one per cent by weight,
Burr and co-~workers (1957, 1958) reported that high
percentage of the required nitrogen could be supplied by
folliage sprays of urea in sugarcane,
Kuthy, Fereesz and Markus (1959) observed that calcium
ammonium nitrate spray increased the yield and sugar content
of sugar beet by 20 per cent, Yakushkina (1960} reported

that spraying sugar beet with smmonium nitrate accelerated
growth of the crop,

Pedas (1958) reported that tomato seedlings receiving
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urea spray made more rapid growth and produced 19.5 per cent
increase in yield., HMatskov and Ikonenko (1958) observed

vhat phosphoric acid uptake by tomate plants sprayed with

one per cent urea solution was greater than by control plants.
Nitrogen content of leaves, stems and roots of the urea
sprayed plants was greater,

Su and Haung (1957) reported that spraying with urea
at 0.5 per cent strength increased cotbton yields by 140
pounds per acre,

Applegate and Hamner (1957) obtained enhancement of
yield and protein content of barley by foliar application
of urea,

Significant increases in yield and nitrogen content
of grains in wheat were reported by Konovalov and Kolosha
(1954 ) when urea spray was given at the beginning of
ovary formation, Jaurez Gallano and Swanson (1955) found
that pre-flowering spray of urea increased grain yields
while post-flowering foliar application lmproved protein
content of grain in wheat. Xrzysch {1958) obtained
significant increases in yield and protein content of
grain of wheat by foliar spray of 1.7 per cenbt ammonium
nitrate,

Fuleki and Nagymehaly (1956) noted thet repeated
application of urea spray at one per cent tended to delay
maturity of maize crop, Narayanan and Vasudevan (1959)

reported that welght of maize cob increased by more than
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30 per cent by spraying with urea and ammonium sulphate.

Volk and Mc Auliffe (1954) demonstrated an extensive
absorption and distribution throughout the plant, of urea
nitrogen applied to tobaceo as foliar spray. HNother and
Trefftz (1954} found that spraying wich 0.2 molar ammonium
nitrgte gould take care of the full needs of the tobacco
plant for nitrogen. Rammunni (1957, 1958) reported
positive responses to foliar sprays of nitrogenous
fertilizers in tobacco crop., Increases in tobacco crop
yield to the extent of 13.3 per cent due to foliar
application of wmacronutrients were reported by Hinkov (1959).
Ivnovsky (1960) reported an increase of 12,9 per cent in
the yield of tobacco sprayed with a solution containing
nitrate of ammonia,

Conditions determining the Ffeesibility of nutvition by
foliar application

Boynton {19L7) observed that on apple trees Epsom

salts spray was resorted to as a solution to the problem
of slow response to soil applied magnesium.

Boynton (1951) stated that urea spraying had been
of particular interest to apple growers as a means of
controlling the nitrogen effects on tree productivity
and juice guality in so far as it furnished a means of
adjusting the nitrogen level of the tree in accordance
with the seasonal conditcions.

Humbert and Hanson (1952) stated that the advantage
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of urea sprays in sugarcane resulted from the fact that
it was impractical to make soil applications of nitroge-
nous fertilizers during the final period of growth of
the crop when nitrogen supplements are some times needed,

Studies of Brasher, Wheatley and Ogle (1953) showed
that beneficizl results from foliar application of
nutrients could be obtained in plants having low levels
of nutrients.,

Boyaton (1954) stated that the usefulness of foliar
application of nutrients depends on the following circum-
stances: {a) the existence of special problems that may
not be coped with as well by application of the fertilizer
to the soil (b) satisfactory plant responses to the
nutrient spray.

Halliday (1961) observed that the efficiency of
nutrient uptake from foliar sprays may be expected to
be greatest, in comparison with that from fertilizers
applied to the soil, when special limitations exist,
for example, (1) when nutrients are rapidly fixed in
the soil in forms unavailable to crop plants, (2) when~
there is need for a temporary methed of control of
nutrients in the period before the soil treatments take
effect, (3) where there is competition for soil nutrients

from weeds, ground cover, or shade plants.
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Foliar versus soil application of nitrogenous fertilizers.

Humbert and Hanson (1952) presented evidence that a
rapid increase of leaf total nitrogen and leaf chlorophyll
Ffollowed spraying of sugarcane with concentrated urea
solutions. This increase was much more vapid than that
caused by comparable soil treatments.

Viortelaro, Hall and Jamison {1952) reported that in
the early stagds of growth, tomato plants responded to
nitrogen foliar sprays more slowly than to nitrogen
applied to the soil at planting time,

Jdones and Steinacker (1953), and Kuykendall and
wallace (1953) observed that the leaves of lemon and
orange trees were efficient in absorption of urea
sprays and that there was a more rapid increase of
leaf nitrogen as a result of such sprays than as a
result of comparable applications of nitrogen to the
root medium,

Mortelaro (1952) observed that compared to side
dressing of sodium nitrate, urea sprays did not increase
total weight or number of fruit in tomatoes.

Jdorissen (1955) found that sprays of ammonium
sulphate were more effective on potato yield than
broadcast application of equal amounts of the fertilizer.

Thorn and Watson (1955) reported that both topdress-
ing of nitro-~chalk end spraying 2 per cent ammonium

nitrate solution produced similar increases of yield
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end nitrogen content of grain in wheat.

Walker and Fisher (1955) reported that in cherry
trees urea sprays equivalent to half pound ammonium
nitrate tended to produce greater increase of growth
and fruit size than that procured fyom soil application
of ammonium nitrate,

Buchner (1956) stated that urea spray was as
effective as top-dressing of equivalent amounts of
nitrate of lime and ammonia in cereals.

Thorne and Watson (1956) found that in the case of
foliar sprays of ammonium nitrate and urea to sugar beet,
the recovery of nitrogen in the whole plant was 70 and
40 per cent as comparad with 40 or negligible amounts
of recovery from similar applications to the soil.

Grappe (1958) reported that six urea Sprays given
to apple trees had a much more beneficial influence on
vegetative growth than a similayr awmount of nitrogen
applied entirely vo soil,

Boguslawski and Vomel (1958) observed that foliar
sprays of urea in oats produced yield equivalent to
that which was procured from applying the Ffertiliser
to the soil,

Experiments conducted with Mc Intosh apple, by
Fisher (1958) revealed that yields from trees receiving
foliage sprays of urea were as good as from trees given

soil application of comparable amounts of nitrogen. He
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stated that the effect of leaf sprays was more rapid than
that of soil applications, but was more temporary.

Stiles, Childers and Prusik (1959} reported that
total nitrogen content of apple leaves sprayed with
urea did not significantly differ from that of leaves
from trees receiving an equal amount of nitrogen as
ammonium nitrate through soil,.

Narayanan and Vasudevan (1959) reported that in
the case of maize, urea sprays produced more cob weight
than what was obtained by application of an equal
quantity of nitrogen to soil.

Many of the experimental results cited above show
conclusively that nicrogen is readily absorbed by
aerial plant parts, often several times more efficiently
than from soil treatments, Yet, only few reporis are
available to show positive yield or growth responses to
foliar spray, above those which could be procured by the
most effective practices of soil applicabion of
fertilisers.

Nitrogen Hutritjon of Tobaceco

Nitrogen is of outstanding importgnce not only in
its effects on vhe growth of tobacco but also in its
influence on various clements of quality of cured leaf
as was demonsvrated by Garner (1934). Nitrogen has a
specific action on leaf growth and consequently it is

the nutrient which most influences the yield of leaf.
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Garner et. al. (1934 and 1939) reported that
application of nitrogen increased yield and leaf area
of tobaeco plants,

Brain (1937) found that a two-fold increase of
nitrogen over that ordinarily used, that is from 14
to 28 pounds per acre, led to increased leaf yields.

According to investigations of Garner (1937),
at least one third of lhe nitrogen applied to the
crop should be in a slowly available organie form
and one third in the form of urea and potassium
nitrate.

Robert et, al., (1938) stated that tobacco crop
requires a large supply of nitrogen for obtaining high
vields; but the amount available at particular stages
of growth tended to determine the quality of cured leaf,

According to Batchell (1938) maximum yield of
tobacco was obtained when there was & liberal supply
of nitrogen.

Garner (1947) stated that a high level of nitrogen
assimilation favoured high water eontent or turgor in
tissues which resulted in increased foliage expansion,
enhanced accunulation of nitrogen in mature leaf and
modified the ripeniang processes.

Garner (1947) also stated that nitrate forms of
fertilisers were the most efficient in promoting rapid

growth,
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Swanback (1947) veported thav the quantity of
nitrogen absorbed by transplanted scedlings upto 30
days was always a litile,

swanback gt, al, {19L7)} observed that the
abaorption of nitrogen by tobacco plants WS wsually
in proportion to its availability in the soil,

Joladarsky (1948) reported that the application
of an incressed quamtity of smmonium sulphate
incrensed the thickness znd area of the leaves,

Carr and Heas (1940) statved 1hat uren is the most
profitable fom of nitrogencus fertiliser for tobacce
CTOP.

The annusl report of the Indian Central Tobaceo
Committee {1949-50) recorded thet yield of tobaeco
erhonced significantly with inereansed levels of
nitrogen supplied to spil, With the appliecation of
50 pounds of nitween the yield uss found %o increase
by 500 pounds over the control (no manurel,

results of manurial trials reported In the annual
veport of urapper énd Hookah Tobacco Resecarch Stetion,
Dinhatta, showed that with the addition of every 80
pounds of smmonium sulphate there was an increased
vicld of about 70 pounds of tobaecco loaves.

Satra (1950} reported that & continuous supply of
nityogen throughout the growing period of the tobacco
crop vesulted in higher yield,
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Russell (1950) stated that the photosynthetic
acui vity was roughly proportional to the amount of
nitrogen supplied,

Amual report of the Indian Central Tobacco
Committee (1950-51) recorded that in all the manurial
experiments conducted in flue-cured tobacco at
Ra jamundry, cheroot tobacco at Vedasandur, bidi
tobacco at Anand and hookah tobacco at Ferosepur,
nitrogzenous manures were found to be distinctly
superior to other manures in their effect on yield,

Kadam et, 2l. (1950) reported that the average
yvield of 620 pounds of tobacco per acre from nitrogen
plots was significantly higher than the average of 547
pounds per acre from plots receiving no nitrogen.

Clark et. al. (1951) found that the potential
nitrogen availability of water insoluble high grade
inorganics had only half the efficiency of the water
soluble nitrogen of ammonium sulphate.

Batra (1951) reported that Desi tobacco recorded
highest yield when ammonium sulphate was applied in
two equal instalments,

Tisdale, Woltz and Carr (1952) stated that difference
in the effect of individual inorganic fertilisers on
flue-cured tobacco was not very great,

Khemchandoni, Kadam and Krishnan (1953) reported
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that highest yield was obtained with 80 pounds of
nitrogen per acre and the lowest when no nitrogen
was applied,

In an eoxperiment conducted by Gilmore (1953)
it was found that when the ratio of ammonium to
nitrate nitrogen was high there was an increase in
insoluble and soluble nitrogen, amide and alkaloid
content.

Schmid (1953) stressed the particularly favourable
effect of urea on tobacco plants.

Results recorded at the Hookah Tobacco Research
Station, Bibar (1955-56) indicated that 50 pounds of
nitrogen in any form gave an appreciable increase in
cured leaf yield.

Annual report of Cigar and Cheroot Tobacco Research
Station, Vedasandur (1955-56} recorded an increase of
about 55 per cent of first grade leaf yield with the
applicalion of 100 pounds of nitrogen.

Experiments conducted at Wrapper and Hookah Tobacco
Research Station, Dinhata (1955~56) showed that yield of
tobaceo enhanced with increase in dose of nitrogen upto
150 pounds.

S8ajnani and Bhyani (1955) reported that in hookah
and chewing tobacco, nitrogen fertilisers effected
inereases both in growth and yield, The optimum require-

nant was found to be 50 pounds of nitrogen per acre.
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Amual progress report (1957-58) of the Bidi
Tobacco Research Station, Anand, stated that the
differences in yield due to sources of nitrogen
were significont, Ammonium sulphate was significantly
superioy in its effects to urea and chilean nitrates.

Results of experiments reported in the Annual
Report (1957-58) of the Bidi Tobacco Research Station,
Anand, reveasled that groundnut cake and ammonium
sulphate mixtures were in no way inferlor to groundnut
cake alone,

Progress Report {1957-58) of the Guntur Tobacco
Research Station stated that flue-cured tobacco
favourably responded to nitrogen at 20 pounds per
aere.

Fump and Tejwani (1960) reported that as far as
growth, yidld and production of good grade leaves were
concerned, cigar tobacco responded to the application
of nitwgen, Nityogen from organic sources hastened
growth more unifoxmly than no nitrogen or inorganic
sources of nibrogen like ammonium sulphate.

Chandnani, Thomas and Reddi Babu (1960) found that
application of nitrogenous fertilisers enhanced weight
per unit area of leaf, yield of cured leaf and nicotine

content,
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Influence of nibrogenous fertiliscrs on the chemical
content of the tobacco leaf.

Baily et. al, (1928) reported that liberal
applicatlion of fertilisers to tobacco plant inereased
agsimilation of nityogen,

Anderson, Swanback and Street (1932) reported that
tobacco heavily manured had a high content of potash.

Dawson (1938) stated that nitrogen assimilated as
ammonia increased nicotine content of leaves.

Romer {1940) reported that increases in nicotine
content could be obbained by application of nitrogen
fertilisers, Ammonium sulphate was found to be better
than urea in this respect.

Lacrose (1918) found that nicotine content of
tobacco leaf increased with moderate application of
nitrogen,

Holtz et. al., {1949) stated that nicotine content
vas posilively correlated with nitrogen and carbo-
hydrate content of leaf,

¥c Evoy (1951) observed ihat low nitrogen accelerated
maturity and decreased the content of other macro-
nutrien ts, except phosphorus in the leal.

Gilmore (1953) reported that when the ratio of
smmonivm to nitrate nitrogen was high there was an

increase in amide and alkaloid content of the leaf,
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Gowarkar and Shaw (1961} reported that in bidi
tobaceo nitrogen significantly reduced the calcium,
magnesium and chlorine content of the leaf while it
increased the nitrogen, phosphoric acid, potash and

nicotine content.
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Materials and Methods

An experiment was conducted during 1962-63 to study
the effect of foliar spray of nitrogenous fertilizers on
chewing tobacco (Hicotiana tabaccum L.,) and to compare
the results with those of soil application of solid
fertilizers.

Experimental site.

The experiment was conducted in earthern pots of
45 cm diameter, arranged on an open field of the
Agricultural College and Research Institute, Vellayani.
Care was taken so as to minimise the shade effect.
Pots were filled with 40 kilograms of washed sand,
collected from the Kovalam sea shore.

The variety of tobacco used in the investigatiion
was 'Pannaa', a local variety which is usually grown
in sandy areas of the sea shore; hence the choice of
the sea shore sand,.

Seed material.

Pannan, a local chewing tobacco variety was
selected for the investigation. OSukumavan and Thomas
{1962) described the variety as follows: "This is a
long duration variety, tall, height is about 180 cm,
stem is about 4-5 cm near the base. Total number of
modes is 31-38. Leaves gre petiolate, margin is even,

apex is pointed, Leaves droop heavily. Lamina is fine
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textured and thin in body. Flower is sbout 5.5 c¢m long,
corolla is light pink in colour. Capsules are medium and
bold,.*

It is observed that this variety responds well to
heavy nitrogenous manuring,

This is the most popular variety grown in Kerala,

Seed materizl was obtained from the Tobacco Research
Station, Kanhangad,

Manures and fertilizers.

Well-rotten farm yard manure at the rate of 2 kilograms
per 40 kilograms of sand was mixed in the pots. Phosphoric
acid (1 grem) and potash (6 grams) were applied in the
form of super-phosphate and potassium sulphate, for
every 40 kilograms of sand, The farm yard manure and
fertilizers waere mixed with the sand fifteen days
earlier to planting the seedlings. Samples of the farm
yard manure mixed with sand were znalysed; the results

are given below:
Percent on oven-dry basis

5} - 0.65
Pp 05 - 0,34
K, 0 - 0.53
Ca o -~ 0.057

Mg 0 = 0.0k
Ixperimental technigue,
Experimental lay-out,

Design - Split-plot experiment in randomised block.
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Number of treatments - 3 x 2 x5 = 30

Wumber of replication - 5

Total number of plants « 150.

There were 150 pots altogether, arranged in five
blocks of 30 each,

Treatments.

The two methods of application of three fomms of
nitrogenous fertilizers and the different levels of
nitrogen were connoted as follows,

A - Whole-plot treatments (forms of fertilizers)

(1) Urea - By
(2) Ammonium sulphate -~ o
(3) Ammonium nitrate ~ M3
B - Sub-plot treatments (methods of application)
{1) Foliar spray - By
(2) Soil application - F,
¢ - Sub-sub-plov treatments (levels of nitrogen)

(1) 0 gram per planc or i 4
per 40 kilograms of soil } o

(2) 1 gram ~do= iy
(3) 2 grams -do- L,
(&) 3 grams -do= Ly
(5) &L grams -do- L,

Nursery.
Pots were filled with sand,mixed with farm yard

manure (2 kilograms per 40 kilograms of sand).
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buperphosphate and potassium sulphate %o supply 1 gram
of phosphoric acid and 6 grans of povash respeetively
for every 40 kilograms of sand, were alsc added. The
sand in the pots was well compacted and the surface
levelled. On 23.8-1962 two grams of seed were mixed
with fine sand and spread wnifowmly in six pots, the
surface of the sand in the vots was then pressed
evenly. The pots were coveraed with sraw, and watered
daily, & probective spray of peronox against
tdapping off' was given at the rate of 1 gvam in 0.1
gallon of water. Seedlings were ready for transplanting
in the second week of October 1962,

Planting of seedlinga.

Vigorous seadlings of uniform size were selectod
for transplantation. The roots were washed with pure
wabter, FPlanting of seedlings was done on 15th October
1962 in pots, arranged 90 cenbineters, both ways,

Spraying of fertilizers.

Une per cent sclutions of pure fertillzer salts
were prepared in distilled water and utilized for
spraying the plants within six hours.

As o prelisinary triel, a few young seediings from
the nursery vere sprayed with 20 ml of 1 per cent solu-
tions of urea, sumonium sulphate and ammonium nitrate

Tat weeklyw intervals and it was observed that no

scoyching of leaves occurred,
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Katskov and Tkonenko {1958) ceported that one
per cent urea spray did not produce any scorching
effect on leaf of Lomato.

Cannon {1960) stated thst urea, one pound
dissolved in one gallon of water did not producse
any adversc effcet on leal of pineapple.

Krazysch {1958) observed that 1.73 per cent of
ammonium nitrate solution sprayed on cats did not
produce any scorching of leaves.

*Teepol ! B-300 was added to the gpray solutions
which acted a8 a webting agzent. Two grams of 'Teepol!
wero mixed with one litre of spray solution.

Studies by Guesv and Chapmen (1948) and Cook
and Doynton (1952) have indicated that wetbing agents
increased the efficiency of absorption of leaves,

Holmspray atomiser No,800 was vsed for spraying
the fertilizer solutions. The spraying was done hoth
on the upper and lower surfaces of the leaf. Cook
and Doynton (1952) found that lower surface of apple
leaves slways absorbed a lavger portion of the nutrient
spray applied than did the upper surface,

The different dpses of nitrogen namely 1 gram,

2 grams, 3 grams and 4 grams per plant were Split uwp
into four equal parts and sprayed at fortnightly
intervels, begimming from the 30th day of planting

the seedlings.
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The quantity of the solution sprayed at any one
time was divided into equal parts of 75 ml., each.
Spraying was repeated at an interval of thirty minutes
until the thole quantity of solution was used,

The plants were sprayed with fertiliger solution
in the evening hours. Volk and Mc Auliffe (1954) and
Freiberg and Payne (1957) have observed that foliage
uptake of mutrients was most rapid at night and during
early morning hours,

Tejwani, Kurup and Venkataraman {1958) reported
that the period from 40 to 70 days after transplanting
constituted ihe active phase of growth period in tobacco
plants. Maximum growth and dry matter production occurred
during this period, Hence, the spraying of nutrients was
spread over the period, 30 to 75 days after transplanting,
in order to colncide with the active phase of growth
period of the plant,

The spraving of nutrients was done on the following

dategi-
Date. - Days after trensplenting,
12-11=1962 - 30
26111962 - L5
10-12-1962 - 60
2L-12-1962 - 75

Control plants were sprayed with 300 ml. of pure
well water. Curtis and Clark (1950) have stated that
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distilled water is toxie to living plant colls; hence
distilled wabeér was not utiliszed for spraying the
cantrol. plaats.

L0341 applicstion of fertilizers.

48 with epraying nubrients, the difforent doses
of solid fertilisers applied to the scil were divided
inte four oguel parts and applied at fortnightly
intervals, begimning fron the 30th day after tvang-
planting., Yhe s¢il application of fervilizers was
donc on the same dates as foliar Spraye.

Irrisetion.

The plants were watercd daily, in the vorning as
well as in the evaning with a hand sprinkler., The
water usod for irrigavion wes analysed; results
obtained are fumlshed below:

Anclysis of lrrdestion woter

o - 3.2
e x 168 - B760
Tesalay DPI - 640
Sulphates, ppm ~ 520
Chlordde, ppm - 50
Iren, ppm - 78

sopping and suekewine,

Topping {renovel of sclcal bud) was done on 3-1-1963,

Jukering (raspval of axillary buda)} was carried
out on tho following dates: 3=12+1062, 10-1-1963, 17-1-1963
and -1-1963,
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Zest and dlsenges.

There were no pests ov diseases of importance o
neod special wontion,
Surdne of tobaceo.

Afeer havvest of the plants, the lsaves were
renoved and thelr weight recorded, The leaves and
stem were gproad on the ground for weélting,., The leaves
£yrom each plant were tied together ond hung down from
bemboo beaws arravged in the open field, After 20 days
of drying the bundles of loaf were stacked in rectongular
heaps, weirhts were placed cu the heaps, Bvery third
day, the hosps were vemede. Fermaniation of leaves vasg
completed after 15 days of (istacking,

The cursd leavos were exposed wndor shade for siz
hours and the weight of cured leaves was recorded,
Cheractera shudied,

The following growth sud yield characbers were studied,

Choracter studled Nunber of teys aftey
obaervations. transplanting,

(1] Heigbv of plant 3G, 60,75, 90
30, 60,-90, 115,

o,

{2} humber of lecves

{3) Lenf arws

- W W W

{h) Girth of gben at the tine

af harvest.
{5} Daturity study 1 0w
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Fost~harvost studies

{1) Groen welght of leaves
(2} Cured weight of lcaves
{3) Thickness of leaf
(L) Chemical anslysis of cured leaf
{a) hicotine content
{b} llitrogen content
{c) Potassiuwm content
{d) Chlorine

Frocedu-e followed &o study the chavacters

Ubservabions vere made for all tke 150 cxperimental
plants.
Heishy It was measured in centimeters from the base of
the vlant to the top of the stem,
Jumber of lesyes Counts were teaken of the funetional
leaves systenatically in each plant.
Girch of stem 4 tape was wound around vhe middle of
the stem and civeumference read out in centimeters.
Leaf area The outline of leaves was marked on paper

and the area wes measured with tne help of a planineter
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Thickness of lcaf.

This was expressed as welght of leaf per unit area.
Iv was calculated from the formula:

Welght of green leaves per plant in grams

Total area of leaves in square centimeters

Estimation of chemical content of cured leaf.

Samples of chred leaves frow all the 150 experi-
mental plants were taken and analysis for nicotine,
nitrogen, potassium and chlorine content was carried
out. The procedure of analysis followed was as per
4,0,4,C,

Analysis of experimental data.

The data pertaining to the different characters
uader study were subjected o statistical analysis.

The btreatment comparisons were studied by using
the analysis of variance technique suggested by
Cochran and Cox (1959). The total sum of squares
was split up into different components, as shown in

the outline of the analysis of variance table given bslow,

Outline of analysis of wariance table

Source D,F.
Total 149

¥hole~plot trea?§?nt 2
Replication b

Error (A) 8
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Sub-plot treatments (F) - 1
i % F Tnteraction - 2
Error (B) - 12
Sub-sub-plot treatment (L) &
M x L Interaction - 8
¥ x L Intersction - L
MxF xL Interaction -~ 8

Error (C) - %

The interpretation of results was made on the basis
of 'F' test and summary tables were prepared, Standard
error and critical difference at 5% level @eFeecslculated.
Graphical representation of results was made wherever

necessary,



The resulis of the investigation on the effects
of application of nitrogenous fertilizers by foliar
spraying and soil application on chewing tobacco,
Nicotiana tabaccum L, are described in the following
pages.

Crowth studies

Studies on the growth characters were carried out
in respect of height of plant, number of leaves, leaf
area and girth of stem at regular intervals of 30 days.
Height:  The details of height data recorded are
furnished in table Nos.?1, 2, 3. The effect of the
treatments on height is represented by bar diagram
{rig. 2).

The effect of forms of fertilizers on height
of plants is presented in table Ho. 1.

Table No,1

Average height of plants (in cms) as affected by forms
of fertilizers.

Days after g My Mg
planting.
30 13.15 13,06 13.05 'F' at 5%
not sig
60 45.17 4,96 h5.21 do.
75 65,65 65.7h 65.52 do.

90 68.38 68,38 68.48 do,
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The results summarized in the table show that
there was no significant difference between the 3
forms of fertilizers in their effect on height of
plants,

Data regarding the influence of methods of
application of fertilizer on height of plants are
fumdished in table No,2,

Table Ho,2

Average height of plants (in cws) as influenced by
method of application of fertilizer

Days after Fq Py
planting
30 13.04 13.13 'F! at 5%
not sig
50 45.09 45,13 do,
75 65,48 65.79 do.
90 68,42 68.40 do.

It is evident from table No.2 that the two
methods of application of fertilizers did not
affect the height of plants differently.

The effect of different levels of nitrogen
on height of plants is presented in table No,3.
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Table No, 3

Average height of planis (in cms) as affected by
different levels of nitrogen.

Days after Levels of nitrogen
plonting.,  mewo
L LO Iq Lo L3 Ll'_

30 12,85 12,76 12.83 13.51 13,50 'F! at
5% not
sig

60 39.89 42,76 Lhe92 k7.46 50.52 ¢,D. at
5% 0,06k

75 58.86 61,90 65,97 69.03 72,40 C.D. at
5% 04594

20 60,88 6,52 68,83 72,50 75.46 C,D. at
5% 0. bbb

Interence: Interactions - not significant
o M i

The influence of levels of nitrogen on height of
plants was highly significant. There was progressive
increase in height of »nlants with thé increasing levels
of nitrogen.

The effect of nitrogen persisted throughout the
growth period.

The data show that height of plants increased
with age, Rapid increase was noticed during 30 -~ 60
days after planting. Rate of increase during the
period 60 - 90 days after planting was slower than
that of the earlier periods of growth., Maximum heirght

was recorded on the date of final observation. After
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80 days of planting, the height remained constant as
plants were topped on that day.
Number of leaves. Data regarding periodical production
of number of leaves are given in table Nos.L, 5 and 6.
Observations were recorded on different stage of growth
viz. 30 days (Sq) 60 days {Sz) 90 days (83) 115 days (S,)
after transplanting.

Table No,L4 fumishes the average number of leaves
per plant as influenced by the tvhres forms of fertilizers,

Table Fo. &

Average number of leaves, as affected by forms
of Tertilizer

o SLag;S My Mo I‘~'13
81 5-30 5.32 5'20 tFt at 5%
not sig
82 11.32 11,26 11.46 do.
83 14490 14,82 14,94 do.
85, 11.9% 11,80 11,94 do,

There was no significant difference between the

fomms tin their influence on production of leaves.
",
Data.with respeet to the effect of methods of
application of fertilizer on leaf number is presented

in table Ho., 5.
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Table No. 5

Average number of leaves as influenced by methods of

application of fertiliuzer.

Stages F1 Fz
Sq 5.24 5.28 'F® at 57 not sig
Sa 11,30 11.38 do.,
3 15,85 14,91 .
S 11,86 11.91 do.

The difference between the mean number of leaves

corresponding to the two methods of application was not

statistically significant,

Table o, 6 presents the data pertaiging to the

influence of different levels of nitrogen om production

of leaf,

Table No, 6

Averace number of leaves as affected by different levels

of nitrogen

]

Levels of nitrogen

Stages =
T I T
54 5,30 5,30 5,20 5,20 5.26 'F! not sig
S5 10,20 10.83 11.23 12,16 12,30 GCD at 5% - 0,267
83 12,60 14,43 14.83 16.23 16,33 CD at 55 - 04275
3, 10.50 11.23 11.90 13.03 13.30 CD at 5% - 0,214
- —Enference; N S - b

S Iy Ly Ly Ly Iy
33 "Lh Ly Lp I Ip
Sy Ly Ly Ly Iy Ly
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The difference between lovels of nitmwgen in bhelr
iafluence on the number of leaves was stutistieally
slgailicany in 3 out of & svages of growth studieds
Lovievoer there was no merked difference between the
meayt number of leaves corceoponding te vhe two higher
lovels, L3 and Ly, during 3, ond 84 stages,

There wao wrogressive rise iun the aumber of leaves
with the inerease in the age of plants. Comparcd with
sLage 2, the rote of increase of Lthe leal numbor in
stage 1 wee greater, There was & reduction in the
awtber of lsaves during the maturity phass of plank
on gceeount 0f shedding of lover moot leaves.

Leaf arca

The perdodical date in respect of leaf aven of
plemis oye fwrnished in toble hos, 7, & and 9.

Data of Leaf arca per plant ss influsnced by the
sources of nitvrogen is fumished in table No.7 and
graphically represented in figs. 3, 4 and 5.

Table Ho. 7
Lexf area per nlont {in sq, cms] as sffected by foyms

a2 eyt 2018
Sbages Iy Ha Ew“ij

By 301.7L 298.56 298,00 'F' at 59 not olg
33 19012,00 1605.50 1696,00 CD at 5. « 2,329
Gy LE31.6L  3926.18 L369,50 CD av 5% ~ 26.485
8], B17h 72 3391.54 36R22.90 GD a6 50 - 17,294

Inferences [y Ev3 {1y
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Aesults summarized in the table reveal a marked
difference among M4 My end 11&’3 in their effects on
leaf area, In pericdical increument of leaf area,
iy was significantly superior 10 M3, while Ieﬁ3 gave
greater leal area than lip.

Table Ho. 8 gives the summary data of leaf area
per plant during different stages ol growth as
affected by method of application of fertilizer
{figs., 3, 4 and 5).

Table No, 8

Leaf area per plant (in sq. cms) as influenced by metheds
of application of Ffertilizer.

Stages Fy F2
31 299.38 299,42 'FY ag 5% not sig
Sy 1628.90 1847.22 'FY oat 5% sig
54 4000, 62 617, bk do.
Sl,. 3471.62 L120.54 do,

- - - o -

Inference: Fa F.,

There was significant difference between the
mean values of leaf area corresponding to Fq and Fp
(figs, 6 and 7),
Fa consistently produced greater leaf area than F1.
Data regarding increment of leaf area produced

by different levels of nitrogen is fumished in table No.9
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Table No., 9

Leaf area per plent (in sq. cms) as affected by
levels of nitrogen

- - ———

Levels of nitrogen

Stages =--
Lo L1 Ly L3 Ll‘.

Sy 295.83 300,66 298.93 30450 297.23 'F' at 5%
S, 124.16 1476.33 1693.00 2015.83 2260.66 E?%%E:%%
3 2838.33 3555.50 L243.33 5058.66 5849.73 G.iav 54
S, 2406.83 3035.66 J647.16 A60.4O 5098.53 G.D.at 53

Inference: Ll{» L3 L2 L1 Lo

Results presented in the table show that levels
of nitrogen had significant effect on the leaf area
of plants. With the rise in dose of nitrogen,
there was a corresponding increase in the leaf
area; higher doses were always superior to lower ones.

Leaf area of plant was observed to increase
with age of plant. The rate of increase was higher
during stage S; than that of S, stage, A reduction
in the total leaf area occurred in S3 due to shedding
of lower most leaves and drying of other leaves.

Girth of stem

The details of the data regarding the girth of
stem at harvest stage as influenced by the treatments

are fumished in table No,10.
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Table No.10

Average girth of stem (in cms) as affected by the treatments

i o = B o e e T e e e e S P g v o S Y O D g G D e W

Fertie = 2 seccccemcccdcsmdccsremamcsnamccmescccnn.
lizer, Level Fyq Fo Average
L0 5.22 5.21 5,21
LS 5,42 5,45 5.43
M, L, 5,52 5.53 5,52
L3 6.43 6.51 6.4,8
Lh 6.46 6.58 6.52
Averege 5.8 5.86  5.83
Lo 5.31 5.32 5.31
Ly 5,20 5,32 5.26
M, Ly 5,53 5,14 5,48
L3 6.27 6.37 6.32
i 6.29 6.39 6.34
Average } 5.72 5.76 R
L 5,11 5,11 5,11
Lq 5,42 5.36 5,39
M, L) 5.52 5,51 5.5
L3 6.41 6.50 .45
74 6.45 6.57 6.51
Average 5.8 s.81 5.79
Nean of the data  5.77  5.81 5.79

0 o 5 M o s e O D ol D P v i B P M n e D €T -

'F' for method of application ~ significant at 5% level

C.D. (at 5%) for M means =~ 0,041,
C.D. (at 5%) for L means ~ 0.047.

Inference: (1) My M3 My (2) Fp Fqy  (3) L, L3 LpIq Lo

- 5 - = 204 8 1 o g, o o S S o e S St L O O D o A e O W OO B 3 B B 20 e O WO
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Results summarised in the table show that the
mean girth of stem was affected differently by sources
of fertilizers. My was found to be distinctly superior
to Iy, but on par with M3. MB produced greater
girth than Mp,

With regard to the effect of methods of application
of fertilizer, results reveal that influence of Fyon
girth character was significantly greater than Fq,

Influence of levels of nitrogen on girth of
stem was stabtistically significent. Higher levels,

I'lp and L3 produced greater girth of stem than the
lower levels, Lp and L, and the control. However,
the difference between Ll» and I..3 was not much marked,

Among the second order interactions, those of
M L and F L were found to be statistically significant,
The third order interaction was not evident.

The interactional effect between F and L is
presented in table No,11,

Table Ho, 11,

Interactional effect of methods of application and
levels of nitroéen on avera-g'e zirth of stem Iin cms).

Levels - ¥y - Fq
L - 5.21 - 5,21
g - 538 - 537 -
L9 - 552~ B9 =
L3 - 837 - b7 %
L, - 6.0 - 6,51 %
- C.D. at 5% - 0,022

* Significent at 5% level.
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The F L combinations were significant only for
the higher levals of nitrogen, I, and L3, The treatment
combination Fo, L&f produced the greatest girth, closely
followed by Fg Ly,
Studies on yield and sllied characters

Total weisht of rreem leaf per plant.

Bata with respect to total weight of green leal
recorded at the time of haryvest were analysed to find
vut the effect of treatments on the yield; the results
are summarised in table 12 and praphieally represented
in figures 8, 9 and 10,

Table Ho,12
Total green weight of leaf per plant in grams.

Ferti- hethod of application of fertiliger
liger Level
¥y F2 Average
Ly 149.0 147,06 148,0
Iy Lo 25,0 285,0 265,0
L 342,0 398.0 370.0
1y, 397.0 68,0 L32.5
Lverage 265,2 307.2 286,7
- Lg 152.0 15440 153.0
in Ly 198,0 220.0 209.0
Ly 266,0 308.0 287.0
L, 309.0 356,0 332.5
Average 218.8 2L3.8 2313
Lg 14,8,0 146.,0 147.0
L3 167.0 198,0 182.5
I3 Lo 204.0 266,0 235.0
Ly 333.0 397.0 365.0
Average 227.2 268.8 2.8,0

Mean of data 237,40 273.28 255,33

P

conttees
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1F1 (at 5%) for F highly significant - 4.75
C.D, for M means =~ 0.960
CoDe for L means -~ 1.240
Inference: My MS M2 Fs F1 Lh L3 L2 Ly

The jnfluence of the three sources of fertiligers,
My M2 and M3 on yield of green leaf was distinctly
significant, The effect of the three fertilizers in
inereasing the yield was of the order NMyp>MNy=ilo,

Comparison of the effects of the two methods of
appllcatloq of fertilizer Fq and F2 on yield of green
leaf revealed that Fp was markedly superior to Fy.

There was significant difference in the mean yield
values corresponding to different levels of nitrogen.
The yield increased with the rise in dose of fertilisers.,

The interactional effect of F and L on yield of green
leaf, found significant is given in Table No. 13.

Table No, 13

Average vield of sreen leaf as affected by the interactional
effect between method of application and level of fertiliser.

P -~ -——

Levels Fq F

2
Lg 149.66  149.00 C.,D. at 5%
Lq 178,00 205.66 -2.281

Ly 215.66  257.00

L3 297.33  3L7.66

Ll 346,33  407.00

-

bxcept in the case of the control, all the ¥, L combi-
nations wew® superior to F4 L combinations, The highest mean

green leaf yield was obtained for Fy Ly
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yield of cured Loaf per plant

The details of Lhe data rejuvding tae s sight of cured leaf
as infiuenced by the treatments, are presented in Table
w0, 148Figg 8, 9, 10 and 11F furnish the graphical swmmary of
the rosults.
Table Wo. 14

Toval weight of ecurcd leaf per vlant in crams

o 3 2 2k v

“athed of applicaticn of fertiliae

Fortiliser Leyel
#4q Fo Average
Lo 31,68 31.68 31.79
Ty La 31.00 58.80 5490
Averase 55224 63,08 59,152
Ly 32.m 3:'3. L 22 i“'O
kgt 2% 1‘113,&0 ‘}6.0@ 15-30§30
3’3 55,20 63,48 59434
i’% 63,80 73420 68,50
AVerage 25,760 50,656 484208
}Q 31.60 31.32 31.46
. {41 35.40 5160 38,50
g‘ls 1:2 L2 80 550 20 45,60
L 58,20 65,20 64,400
i 62,80 82.30 75.55
Avorage 57480 55.92L 51,702
Y ot 50 for T osig Y
CeDy fop i means - (523

Celly for I means - G750
Infercnce - By x‘"3 g Fp Py Ly, I"j Lz Lg
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E% Rosulte summarlized ln Table lLiwe th show that the

yield of cured leol is affwcied morkedly by the three
foms of fertilizers, !, [ and lg. The influonce of
the three soureer of fertiliser in the ineremont of
yield of cured leaf was in the opder: !9y ™ ig ~ flos

2?2 treatment vas signiflcantly supevlor to Fy in
effectang increass in ecured leaf field.

The mean yicld valnes wore fpund %o incredsc X
progressively witn the visc ln the doses of nityogen,
anolied,

1he interaetional offect of ¥ and L oo curcd leal
yicid, found zipnificsnt is prosented im Table kealis,

Table Lo, 15 v

Averare cured leaf welsht s inflivenced by the intoractional
siiaet o mobhod of apciication and level of nitroren
2 in

sii SYRns
Level ?1 }’?2
LE'} 3? * 69 31 . {?? L;ﬁt si@;‘
E“‘i 3?- 60 1:’30 13 GO Z}, a“} 5.&’
g 5,13 53433 « 1.310
L?’ 5148 TOLT3 @
1—'!;. 133 g:ﬁvi‘é "

P2 L eombinatlons wore at all levels superlor to Py L
exeept in the easc of control, o 'L;% racorded the *izhest
valve of nean yield of sured lsal,

Haglo of cured lenf to zreon loaf

The ratic of the welght of tured leaf ©o that of groen

leaf was caleulated with rospoct to all the tretiment
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combinat ions, vhe result is prosomted in Table .16
and graphiecally represented in figures 12 - 14,
Talle ol 18

Batio of eured loaf vield to velsght of sreen leaf,

Lovels  weed 22 32 average
¥, F,  Fy  Fp Fy ¥z
Ly G200 0,214 0.216 0,213 0u21 0,215 0,21
Ly 0u210 0,200 0,212 0,211 0,212 0. 210 ¢.209
I, 0,209 0,207 0,210 0,209 0.212 0,207 0,209
Ty 0,206 0,200 0,207 0,206 0,206 D.205 0,205
L,  0.205 0,206 0,26 0,206 0,207 0,206 0,205
IveTARE OwZ06 0.208 0e210 00209 00210 D.208  0y208

Nlone of whe treatments appoared Lo have influenced
sieniflcantly the cured leaf to yreen leoaf ratio, which
has observed Lo be ,208, Tne surnd leoaf vield wes
abmut 21 per cent of the total ~veipht of grosn leafs IV
was observed that the vatio ves slightly hirher in the
cose of contrel plants inon bnosc of Lhe Srcated plante.
Thicknesas of leaf:

The tulciness of leal was Cxpresesod ad welght per
unly sren, This was worked out by dividine the sobtal
green leafl wolght per plant by 16s corvespoading aven,
agan valwes of the wolsht in gns por sge ong of leaf
as infiuvenesd by the treatment are pregentel in

Table .o, 17. ,
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averarse vel bt of leavoes in fmis per aquare on

Fertiliser  Level Fy Fy dverage
Lo 0, 0617L 0,06202 0.06143

Lq 006314 05308 0.06311

Ly Ly 0 06450 0, 06500 G 06495
13 007196 0.07188  0,07192

iy, 007506 0., 07400 0.07403

Average 006716 0,06719 0,06717
o 0u0618E | 0.06173  0.06178

Ly 0. Co288 006314 0.06301

fim La CuBLTL 0, 06506 0. 66430
i 3 0.07108 D.07222 007205

&L 4 O 17396 U 07430 Ge G7528

hverage 006705 0.06925 0. 06708
Ly 0,06266  C.620h 0,062k

by 0.00202  0.0631h  0,06303

i b G.U6510  0.06452 0. 164681
" 07210 t,Q7202 0, 07206

L, 0.07300 0,000 0,07350

&verage 2,06715 e 0BT71L 0.06716
sata fean 0.06650  U.07720 0007200

‘£ wotio lat 5,00 for F omeon - 4,94 sig.
Ceils (8% 5,5) for L momns - 0.,0042

Inferoaces

Fa

Fq

Ly
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desults gaven in the Teble indicate that the three
sources of nitrogen did not Jiffor in tholr influcnee on
the thickness of leaf,

The difference betwsen the nethods of applicrtion on
thoir offect on leaf thicknoss was slightly cignificant,
The superiority of 5; ever {4y was evident to somo sxbent.

f.ean values of leaf thickness eorresponding to
diftarent leovels of nitropon wers mavkediy Jifferent. &
progressive increase of this character of the leaf with
inercesed levels of nivrogon uns discernible,

studies of the cremiecal comtents of cured leaf

Total nitrogen

vanples of cured lcafl fyom five roplications, each
copprising of 30 breatments, word snalysed. hvopape
values of Lotal nitrogen content are furnisled in Table
e 18  Toe effoct of vojious trontments on the total
nitro en of lcaves is diagrasotically represented in

Fige 15.
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Table o, 18

Zotal nityogen content of cured leaf (drmy) in
perecntare 08 infiuenced by the Lhe treatments.

iéggi: Level, Fy Fy Average
Lo 2ull 221 262D

Ly 248 2,30 2,939

Iy Ly 2.53 2.42 2o47
1 2. 2.83 2487

L& 3425 2,86 3.05

HTSYRER 2467 252 2,60
LQ 2422 2y R0 2,21

iq 2440 RE7 233

Iy Lz 2,46 236 2.0
LB 2,60 2,79 2.69

by, 2405 2,77 2,71

Avervage 2o R b7 Padi'7
' iy 2,20 220 P20

i 2e50 7,32 2ot

fy Lo 2.50 2,41 2,45
Iy 2486 2,81 2,83

Li, 3.1 2,84 297

Average 2463 2452 Re57
Data f.oan 259 2.50 2455

Loells at &3 for i means -~ O.013
A

inferenget

Ty T.B Mg

i3
-

Ly, by Ly Iy Lg

L LT
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The results summarized in the table show that
there was sirnificant diffcrence in the wean values
of total nitrogen a8 affocted by the throe forms of
fertilicers {ilg, lp, and H3), i tendsd to increase
the nitrogen contont of loaves more tnaa My and .o,
hile ?3 was superior to I's in its effect on nitrogen
conbent,

Regarding the influence of the mathbods of
application of fevtilizer, the data revealed vhat
the vvo motaods (Fy and Fyi differed dlstinctly in
their effcet on nitrogon content of leaf, Fy vas
superior to Fo in this respect.

The meon valuves of nitrogen content corrcoponding
to the differont levels of rertilinor vere significantly
difforent,. The nitrogea content of leaves inerensed

progreseively with the risc in dose of fertilicer,

T Table Ho,19

Inter 3 2] ication nnd deges
of Feruiliser on Lhe gsr@enta?e nitroren eontent 0%
cured loaf
hovel Fg Py

)d{) 2,212 2; EQB

Ly 2,503 24392

Ly 2,793 P 807

Ly, 2,005 2,829

Colla 88 50 & G,0217



- 5l -

The treatment combination Fy Lé registered the
highest value of percentage nilrogeti content of leaf
closely folloved by Fp Lh‘

Percentage of nitromen yeecovery
These data were deduced from the percentage of

nitrogon content of the cvred leaf and total welight of
cured leaf, The values, thus obtained ave given in
table No., 20,

Table No. 20

Poreentace of nitrosen roeovery in leaves

Levels Py Fa Average
Ly 14400 28,10 21,05
Lp 17,14 27.82 22,48
LB 25451 32.38 28,94
Ly 25.50 32,36 28,93

Lverage 20.54 30,17 25,35

Results furnished in the table show that the
average recovery of nitrogen la leaves was about
25 per cent, The mecan values for ¥, and Fp vere
20.5 and 30.2 respectively. It was observed that
the recovery of nitrogen incressed ﬁﬁth theo rise in
doac of fertilizer upto Li. Theve was no difference
in the mean value of recovery of nitrogen between the

higher levels L3 and Ly,
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icotine content of leaves

Samples of cured leaf from five replications,
cach comprising of 30 treatmenls were analyspgd.
Avorage values of the nicotine content as perceabage
of dry cured leaf, are presented in Tabie Ho.21. The
influence of treatment combinaldons on the percentage
of nicotineg conient of leaves is represented by
bar@iagram {firure 15).

Table Ho. 21

Hieotine content as perccniage of dry cured leaf.

Fertiliser Level Fyq Py Average
) Lo 1.928 1,960 1.9
L 1,924 2,210 2,067
¥y Ly 1.928 2,250 2,089
LB 109[4'6 20&-8!r 2. 215
LA 1.946 2. 720 2.333
Avevage 1.934 24325 Z.130
‘ Ly 1,916 2,280 2,097
o Ly 1.906 2,610 2,280
LB 2 E {?4::6 21 680 20 325
Average h TWOkE 2431 2.18¢
Lo 1,902 1,920 1,911
Ly 1,902 1,924 1.913
i3 Ly 7.950 1.956 14933
Ly, To 97 1. 974 1.97k
Aversge %4 940 1.948 1. 944,
Dava mosn 1,939 24235 2.087
CeDy at 5% for M means - 00348
“ F # - 0,028L
A L ® - 0,0160

Inference HQ By 23 Fy ?1 Lb LB Ly Ly LG
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The results summarized in the table show that
the mean valnws of nlcotine content corresponding
to Lhe sources of nitrogen {14, iip and ﬂ35 vary
significantly, The highest nitotine percentage was
obtained for i, followed in decroasing order by
2&1 and Hy.

Regarding the effect of the methods of application
of fortilizer, it was found that soil application (Fp)
procursd nove nicotine content of leaf than foliar
spraying (Fq).

The influence of the different levels of anitrogen
on the percentage convent of nicotine of leaf was
highly significant. The higher values of nicouine
invariably corrosponded with increasing levels of
nivrogen, ‘

Potash content as percentapge of dry cured leaf

Samples of cuyxed leaf fyor five preplications,
each conscituting 30 treatment combinavions wers
analysed, Average values of potash content as
percentage of dry cured leaf ave fvrnished in table
Ho.22, Resulis are vepresented in graph (figure
16 - 18),
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Table Lo, 22

Potash content gs percenvage of dry cured lcaf

Fertiliser Level Fq Fq Average
Lo 3,508 3.482 3.195

Ly 3.598 3,604 3.601

Il Ly 3,63k 3.616 3.625
Ly 3.7, 3,720 3.717

by, 3.722 3,842 3.782

Aversge 3.635  3.652 3,644
ig 3,516 3.470 3.493

Ly 3.504 3,618 3,561

o Ly 4,512 3.652 3.582
by 3.550 3,760 3,655

Ly, 3,602 3.768 3.685

Average 3,536 3.653 34594
Lo 3,432  3.454 3443

Ly 3,558 34548 3,569

g Lz 3.632  3.636 3,63k
L3 3,670 3.778 3,72

Iy, 3.690 3,836 3.763

Averege 3,596 3,556 3,626
Data lean 3.589 3.653 3.621

CuBs (5..) for.: mesns - 0,017
#  for ik " -~ 0,018

Inference fug 2%%3 1’412 Fz F1
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The three gources of nitrogon differ markedly
in their influence on the potash content of leaves.

The incremont in the average potash conbent of leaves
uas lowest in the cose of gy Iy and "y did not
differ significantly in their effect on potash content
of leaves,

With regard to methods of application, it was
indicated that ¥y and Fp did not statistically differ
in their Bffect;of potashzsontent.

The potash content of leaves was found to increase
with rise in dose of nitrogen. Higher percentage content
of potash was consistontly obtained in the case of
increased levels of nitrogen (L, and Li),

Chlerine content of cured leaf

Samples of cured lesf from five replications, each
comprising of 30 treatment combinations, woré analysed,
The chlorine content was expressad as pervcentage of dry
cured leaf, OCraphical representation of the influence
of the troatments was made {figures 14 to 18},

t.ean values of chlorine contenmt &s percentages

are presented in Tsble ..0.23,
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Taple No. 23

Chlorine content as vercentage of drv cured leaf

0 A o g 2 et S0 Mt - -

Fertilizer Level Fy Fgy Average
""""""""""""" Lo 2.5M, 2492 2.518
Ly 2,540 2,562 2.551
H, Ly 2,550 2564 2,557
Ly 2.370 2.42), 2.6L7
Ly, 2.97h 2,040 2,507
“hverage TTTTTTTTTRI695 . 2.416 2,556
T w“LO TTT2is28 | 248k 2,506
L, 2.622 2,566 2,59
M, Lo 2,636 2.51L 2.575
Ly 2.682 2,396 2,539
L, 2,780 2,404 2,592
Average 2.649 2,472 2,561
T, T 2,518 2,466 2,492
Lq 2,612 2,556 2,584
iy Ly 2,620 2,414 2.517
- g 2,780 2,214 2,497
Ly, 2.818 2.108 2.463
Average 2669 2.351 2.510
Data fean  2.671 2,413 2.542
""""""" C.D. for ¥ means - 0.038 o
GD: forfmeane I oui%i
Inference: ;\XZ—M" MB F‘l F2 L1 I_‘B_E'Q L’.p LO

o s e g g > o oen o S -y 0t




Results summsrised in the table show that
there was marked difference between the sources of
nétrogen in their influsnce on chlorine content of
leaf, The incrcase in the chlorine conteni on
account of [y was significantly greater than ng, bub
was on pay Wilh i.q.

Foliar awplication of fertilisers (31} vended to
produce significanvly higher percentage of chlorine
than svil applicasion (?2).

Influence of the different leovels of nitrogen
on the cllorine content of leaf was distinetly siznificant.

The chlorine content of leaves tended to increase
with the highor levels of nitrogen wnen anplied through
foliage, while the opposite was the trend noticed in
the case of soil application of nitrogen,

The interactional effect of methods of applicalion
end lovels of nivrogon on the percentage coatent of
enlorine in leaf found sipnificant is presentoed in

Zable d0. Pl
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Tabla tlo. 24

Intepectional effset of methods of application and
levels of nitroren on ihe percentage chlorine content
of surad leatl

AN e S

-

Level ¥q Fo

L 2,530 2o 487
1y 259 2, 554
ip 2.601 2,497
Ly 2777 2347
Iy, 24857 2. 184

CoBe 2t 5% 0,061
Tne trextment combination, Fy L, corresponded
to the bighest value for chlorine and was statistically

superior to all other trestment combinstlons.
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fesults of investizations on the response of chewing
tobacco to follar applicatica of niirogencus fersilizers
are discussed in Jhe [ollowing pages.
{17 Lelght and nupber of leaves.

desults sumserized in table Nos. 3 and & show
that follar application of nitrogenous fertilizers
at L grems of nitrogen per plant iacreased the
height of plants by abosut 23 per cent and nunber
of leaves by about 30 pexr cent over the coslyol
(figure Wo,2].

Data regarding the effect of different levels
of nitrogen (table Nos. 3 and 6) indicate that both
neight ard number of leaves inccreased progressivoly
with increasing levals of nitrogen.

The erfect of allrogen was wanilest 60 days
afber transplanting ond persisved through the growth
peciod of the pland. It was also seen that neither
the three sources of nitrogen, viz, urea, swmonium
sulphate and summonium nitrate, nor the methods of
supplying the nvtrient, (foliar spraying and soil
application of solid fertilizers) differed signifiecantly
in their influence on the hiéight and number of

leaves of the plant (figuro H0.2}.



- 63 -

{2) Leaf area.

Observations (tabkle Ho.9) on leaf area showed
that the leaf area per plant increased on the average
by about 95 per ceat over the control on account of
foliar spray of nitrogenous fertilizers at 4 gms.
of nitrogen per plant. A high level of nitrogen
assimilation consequent on foliar spray favours
high water content and turgor in the tissues which
result in increased foliage expansion.

Results presented in table No.7 indicate that
of the three fertilizer sprays, urea induced greater
increment of leaf area than ammonium nitrate
{figures 3 to 5}, The lowest leaf area was
obtained in plants receiving ammonium sulphate
sprays. The differential influence of ihree
fertilizers was discernible when they were applied
to the soil also,

b study of the data {table No.9) regarding che
influence of different levels of nitrogen indicates
that, irrespective of the metbhod of application,
rise in the dose of nitrogen produced a corresponding
increase in leaf area.

A comparative study of the effect of two methods
of application, {foliar and soil application) (table No,.8)
revegls that there vwas a significant difference between
the two methods in their influence on increasing

leaf area (figures 6 and 7).
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(3) Girth of steu.

Resulbs presented in table Wo,10 indicate that
folinr applleation of nibtrozen resulied in significant
intrease in glrth of stem. The increasc was Lo the
oxtent of 22 per ceat over the control in the case
of the higher level, 4 gms. ¢f nitrogen per plant,
foweveyr, the ineresse cavsed was lesser thaa which
was obtained by sl application,

Jhile comparing the effscts of threc sources
of anltvogen, it was found thet urea spray was
distinetly superior w ammonium sulphate buc on
par with asmonium nitrate in increesiap Vhe girih
of stem.

It was also noticed thet lncreasing levels of
nitrogen (3 and L gms, per plant) applled as follar
spray tended Lo produce greater glrth of stem ihan
the lower doses, viz, 1 and 2 gms, However, no
dictines diffevcnce was obserxved bevween 3 and & gms.
doses. It appeared that 3 gms, per plant was the
optinun dose as f£ar a8 increment of girth of stem
is concerned, Comparative vesulis wsre obtained
with the application of feritilizer to the soil,

it was further observed (teble Ho.11) that the
interactional effect of wmethods of application and
level of nitrogen was significant. The treatment
combination Fgy Lk produced the greatest girth of
stem, closely followed by Fz L3.
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Thus it is seen that follar sprays of aitrogen
fervilizers had rarked influence on height, 1lsaf
mumboyr, piveh ond leaf zrea of tho planvs, Foliar
sprlicatioa of nityogen «b the rate of 4 groms por
plant produced on the average abous 23 per cent,
30 pser ceni, 22 per cent and 95 per emi incraetd
in Lheight, number of lsaves, gizth of suem and leaf
ares yespectively. The findin:s in the present
investiszavion are in confomity with those reporied
by several workers in other creps. Harayansn and
Vasudevan {1959} recorded myiked improvemmt of
hefght in maize, by foliar cpray of wrea. Schnoider
and Synder {1960) obtained highly significent effect
on shoob length in azoless by ursa sprays. Venkata
ramand (1957) recorded thet ¥ P K foliar sprays
increased slrth of tender branches in tea bushies,
Thorne and katson {(1955) reported significant increase
in leaf aryes in vheal planss sprayed wlth ammonium
sulphato., Yakushiina (1950) reported that spraying
sugar beet with ammonium nitmate aceclerated vegetative
growth of the crop.
Green leaf yield,

In proportion $o the ingreasc procured in the

growth characters as leaf number and leaf ares, the
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sprays of nltyogen enhanced the veight of green lsaves
also (figures 8 to 10). Daile presented in table Ho.i12
show that foliar spraying at the rote of L grams of
nitrogen per plant increased welght of green leaf by
132 per cent over vhe conbrol. It was evident that
nityogen applied as foliay spray was effectively
agsimilated and induced increase in weight of leaves,
The fLindings in the present investigation is in
agreement with those reported for other crops by
several workers. Pedas (1958) reported that tomoto
seedlings receiving urea spray made more rapid growth
and produced 19,5 per cent increase in yield,
Eraysh (1958) obtsined significant increases in yield
ia wheat by foliar spray of 1.7 per cent ammonivm
nitrate. HKuthy, Fereez snd Harvkus (1959) cbserved
that calecium ammonium nitrate spray increased the
yield of sugar best by 20 per cent.

It was also found {table Ho.12) that the
differmt levels of nivyogen employed in spraying
significently influenced the yield of green leaf,
Hizher wean values of welght of green leaf invariably
corregponded with increasing levdls of nitrogen.

A comparative study of the three forms {table io,12)
reveals that urea, ammonium sulphate and smmonium
nitrate differed among themselves significantly in

their influence on green leaf yield,
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It was also observed that soil application of
fertilizers {(figures & to 10) tended to increase
yvield than foliar spraying with respect to all the
three fomms of fertilizers and all levedls of nitrogen
studied,

Cured leaf yicld,

As already noted foliar feeding of nitzogen tended
to enhenca leaf aren and weight of green leaves over
control. & proportionate increase in yield of cured
leaf was also obServed,

Results sumparized in table Vo, 1k show that
foliar application of nitregencus fertilizer at the
vate of L grams of nitrogen per plant increased the
weight of cured leaf per plant by 123 per cent over
the tontrel {figures 8 to 11). It was quite evident
that nitrogen applied through foliage had been
effectdvely absorbed and utilized resulting in
increase in the dry weight of plant,

The result of the present experinment is An
agreement with those repoyted in tobacco by many
workers, Hothes and irefftz (195L) observed that
spraying with 0,2 molar ammonium nitrate could take
care of the full needs of the tobacco plant for
nitrogen. Increases in tobacco crop yield to the
extent of 13,3 per cent resulting from follar

application of maeronutrients were reported by
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hinkov (1959). Ivanosky (1960) slso recorded an incrensze
of 12.9 per cant in the yleld of tobacco crop sprayed
with a solution containing nitrate of smmonia,

It may be noted that thers is a wide disparity
in the increase in yield, viz. 123 per cent over
controls, obvained in the pressnt experimont and
those reported by Hinkov (1959) and Imosky (1960).
This variation appears o be on account of the
diffevrence in the experimental technique employed.
¥hile in the present investigation spraying of
fertilizers was condicted on potted plants, Hinkov
and Ivanosky vorked with plante grown in the field.
tereover, in the present investigation plants of a
chewing type of tobacco uhich was known to rospond
reparkably $0 nitrogen were grown in littoral sand,
while Ivenesky (1960) experimented with plants of
the smoking type of tobacco, which did not usually
show much yesponse to nitrogenous fertilizers,
groun on chernozom Soil. Ivnosky's experimentel
crop received usual basal manuring,

Results presented in table No,.14 also reveal
that the effect of different levels of nitrogen
enployed in spraying, on yield of cured leaf, was
distinectly sisnificant. There was a progressive
inerease in yield wivh the rise in the dose of
fertilizer,
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It was noticed (figure 1) that urea, amnonium
sulphate and ammponium nitrate exhibited distinct
differences awong themselves in their influence on
increment of yield, The relative efficiency of
the fertilizers in increasing leaf yield was in
the decreasing order, Iifﬁ-’{f?&z,

The data further showed that soil application
of the sase fertilirzers in comparsble quantities
produced greater yvield than vhich was obtained
with foliar spraying of the fertilizer. Ih uas
observed that the nean yield of cured leaves from
plants receiving soil applied nitrogen was 162 per
cent ovor the control plants.,

Folliar versus soll applied fertilizer.

In the present investigation it was cbsorved
that all the growbth and yvield characters of tobacco
plant except helght and number of leaves were
influenced more effecvively by the applicabion
of solid fertilizers to soil than the foliar spray
of the fertilizers.

This finding is supported by those of many
uvorkers in verious crops. [ortelaro, Hall and
Jamison {1952) observed thet compared to side
dresuing of godium nltrate, urea Sprays did not

increase votal weight or mumber of frults in tomaioes.
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Brasher, Veatley and Ogle (1953) did find significant

increases in tomato yields from sleven sprays of ures,
but they obtained greater yicld increages at less cost
£yom plote in vhich nitrogenous fertilizer was applied
to the soil,

Differentisl effect of the fertilizers.
It vas seen from the results of the present study

that in influencing the vegetative growth aspeets like
leaf area, girth of stem and the yisld potentiality
of the plaats, the three sources of nitrogen, viz.,
uren, ammonium sulphate and ammonium nitrate exhibited
marked variation among themselves, Urea sprays uwere
found to be invariably superior to ammondusm nitrate
and ammonium sulphate, while amuonium nitrate produced
better results than ammonivm sulphate.

The benefiecial effset of urea, may be due %o the
facy that it is highly soluble and is least toxie to
leal tissne, hamilton, Palmiter and Anderson (1943)
showed that urea at 5 pounds per 100 gallons of water
4id not cause any leaf injnry, while smmoniunm sulphate
at 8§ pounds in 100 gallons of water resulted in leaf
injury in apple., Furthermore, urea nityogen is found
to be absorbed and mebaboliged more rapidly. Velk and
e 4uvliffe (1954) demonsirated extensive absorption
and dstribulion of ures nitrogen throughout the plant

within 24 hours in tobacco.
o
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in the present experimoent 1t vas further observed
thal urea applied to soil aleso had more benefi cial
influence on growth and yield of tobacco Than ammonium
nitrate and apmoniun sulphace, This yesuit is alsc
supported by the findings of Sen Gupte and Das {1962)
whe repovited that wheat crop rosponds bebier to urea
than amuonium sulphate, It was explained that the
beneficial effect of urea resulted from the fact that
the conversion to nitrate in soil was more rapid in
the case of urea in tropical and sub Lropical climatic
condltions. In the present investigation, tobacco
plants, grown in Littoral sand and watered daily
with irrigation water of low PH value responded
betver to urca than to ammeniwnm nitrate and ammonium
sulphate which were physiologically acid fevtilizers.
welght per vnit ares of leaf,

Results given in table lo,17 indicated that
foliar sprays of nitrogen profoundly influenced the
welght per unit area of the tobaceco leaf, 4 progressive
increase of this character of the leaf with increased
levdl s of nitrogen upto L grans per plani was evident.

The same trend was alsc seen in the case of
application of the fertilizers to the soil.

Inereases in thickness of leaf resulting from
nitrogenous manuring have been reporied by
Yolodarsky (1948) Batra (1950} Chandnsni et, al.{1956),

!and Chendnani, Thomas and Reddi Babu (1960),
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foval nltrogen content of cured leaves.

Resulbts presented in the preceding chapler
{table Ho,18) show that foliar appllication of
nitrogenous fertilizer tvended L0 increase the
percentage of total nitrogen content of dry cured
leaves, The nitrogen contenl of leaves was observed
to increase progressively with corresponding rise in
dose of nitmwgenous fertilizers upto & gramswsper plant,
The incerease of nitrogen content in leaves vas greater
vien the fertilizers were applied as follar sprays
than a8 soil application {table No.19). Yvea gprays
tended to increase the nitrogen content of leaves
more than ameoniuwm nitrate and ammonium sulphate
{Figure 15).

The tendency of the nitrogen tontent to incroase
in leaves comsequent on Toliar spraying of nitrsgenous
fertilizars has been reported by various workers.

Sake (1960) observed that urea sprays had a marked
efieet on bthe nitrogen content of apple loaves; the
difference between the leaves of treated and centrol
trees was 0.62 « 1,19 per cent nitrogen., Oland {(1950)
reported Clat b per cent urea sprey increased the total
organic nitrogen content of leaves by 51 per cent
within two days.

The increase in nitrogen content of lesves

consequent on nutrient sprays cccurs not only because
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of direct acsorption of the applied solution through
leaves, bub alsc indireeily, Ly enhancing the uptake
ef nitrogen through roots. This phenomencon has been
demonstrated by Thorne (1957) in sugar beet; he fownd
that emmoniva nitrate solution applied to leaves
increased the uptake of nitrogen by the roots,

Jones and Steinacker {(1953) and Zuykendall and
¥allace (1953) observed that in the lesves of lemon
and orange vrees there was & more repid increasc of
leaf nitrogen as a result of ursa sprays Lhan vhich
wag consequant on a compavable application of
nitmwgen ¢o the root wedlum,

Percentage of nitrogen recovery.

Results fummished in table No.20 indicate
thal the average percentage recovery of nitrogen
obtained with foliar gprays of ailtrogenous fertiliners
wag 20,5, vhile the mean value with respect to the
solid application of fertilizers to s»il was found
to be 30.2., 1t was further observed that In both
cases the recovery of nitrogen increased with rise
in vhe dose of fercvillizers upto 3 grams of aniltrogen
per plant. Ko difference in the mean values of
vecovery of nitrogen between the higher lovéls of
nitrogen riz., 3 grams and L grans per plant was
discef*nible. It was thus oeen that the poercen tege

of recovery of nitrogen decreased with the increase
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in &ae of nitrogen applied through foliage as well
as by soil application.
Licotine content of leaves.
Results presented in the precsding chapler
(table Yo, 21) show that foliar spray of nitrogenous
fertilizer had significant influence in increasing
the percentage content of nicotine in leaves, The
incremat of nicotine content in leaves corresponded
to the rise in the dose of nitrogen applied., It
was observed that the increase in nicotine content
of leaves was greater when the fertilizers were
applied through soil than as foliar spray (fisure 15),
A comparison of the differentizl influence of
the three sources of nitwgen (table No.21), ignoring
the effect of methods of application showed that
Amnonium sulphete caused higher percentase of nicotine
then urea and smmonium nityate, It appeared that the
efficiency of the three fertilizers (nmmonium sulphate,
Urea and Ammoninm nitrate) in influencing the percentage
content of nicotine was in the order H,~ M, > M., But
taking into consideration the influence of methods
of application it could be seen that in the case of
foliar sproy, smmonium sulphate gave higher percentage
content of nicotine than ammonium nitrate and ureaj
urea spays prodaced the least nicotine content, While
with soil application ammonium sulphate was found
superdor to urea, and vrea gave better resulis than

ammoninm nitrate,
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The finding in the present study is in confomity
with those reporied in the case of soil application
of feriilizers by several workers., Dawson {1938)
stated that nitrogen assimilated as ammonia increased
nicotine content of leaves. Romer {1940} repovted
tnab increases in nicotine content could be obtained
by soil application of nitrogenous fertilizers in
sufficient quantity. He found that ammonium sulphate
was bebier than urea In Lhis respect., Chandnani,
Thomas and Reddl Babu {1960) found that application
of nitrogenous fertilizers to soil enhanced nicotine
content of leaf in hookah tobacco.

Potash content of leaves.

Results given in the preceding chapter (table No.22)
reveal that foliar sprays as well as soil application
of nitwgenous fertilizers increased the percentage
content of potash in cured leaves, there being no
significant differeace between them. The polash
content was observed to increase progressively
with corresponding rise in doses of nitrogenous
fertilizers upto b grams~sper plant, Urea svrays
tended to increase the potash content of leaves more
than ammonium nitrate and amnonimm sulphate.

The tendency of the potash content of leaves to
increase as a resvlt of foliar application of

nutrients has been veported by Golikova (1959).
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ke observed that WPK ocprays in straw berries increased
potash uplake from che soil,

The wafluence of soil application of aitrogenous
fertilizers in enhmcing che potash content in bobzeco
loaves has bean reported by Anderson, Swanback and
Strect (1932}, Gowarkar and Shaw (1967) reported
that in bidl tobacco soil sppl led nitrogen
significantly incseased the potash content of leaves.

Chlorine coutent of lenves,

Jesults peesented in the preceding chapher
{iable No.”3) show thet foliar application of
nitrogenous fertilizers bended to increase the
peremtage content of chlorine in cured leaves.

The chlovine content of leaves was seen Lo increase
pmwgressively with rise in nitrogen doses of the
sprays upte L grams per plant (figures 16 to 18).

This cannot be easily explained. Thosae (1957) has
demonsirated that vhe incroment of nitrogen lovel dn
l2aves resulbing from folisr sprays of nitrogeaous
fervilizers to susmar beet mighl also be dus Lo an
enhancenent in bhe wpuake of nitrogon by roots, of
the sprayed plants, The inerease of chlocine content
in leaves of the tobacco plant receiving folizy sprays
obtained in the present investigation may alsy perhaps
he explained as due to some such mechanisms.

Yith regord o the effect of soil application of



fertilizers on chlorine content of leaves, it was

observed {hal with lower doses of fertllizer via.,

1 gram and 2 grass per plant, Lhese vag an increase
in chloring content of leoves; while at hicher levds
of nitrogen Terbiliszers as 3 grams aond L granswvpor
plant, the chlorinc caontent appeared e rocord a
reduction,

Hovorer, it moy ve noved the. tico ineresent la
percontage chilorine content obteined in the presant
ioveatigat 1on Jas well wilhin the tolcranee liuis of
vobaceo plants; the weslmun incronse observed wes
only 2.97 per cent. SCaraer {1954 has ssated that
cilovine assiuilacion Increases tuvgor, leaf ares
and hygroscopleicy in ,obacce. Considering the
faet Lhat leaf size and hygroscoplcity ave desirable
cualivies in chewing tobacco, the phenomencn of
increased chlorine conbent of lzoves observed in

the preset inresiigation appeared Lo be beneficial,
&
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In oxder to study the effects of foliay application
of nitrogenous fertilizers on chewing tobuacco {Nicotisna
tabaccum L.} and compare them with those of spil
application of 80lid forms of fertilisers, an experiment
was conducted during 1961.63 at the Agriculiural
College and Research Institute, Vellayani, The
experimmtal lay-out was of splite-plot design in
randomised block, with five replications consisting of
30 treatments each, Three forms of fertilizers {urea,
ammonium Sulphate and ammonium nitrate) at five levels
of nitrogen (0, 1, 2, 3 and 4 grams per plant or per
40 kilogrems of soil) were investigated, Spraying
of mutyient solution was carried out at fortnightly
intervals, beginning from 30 days of tvamsplanting
the seedlings., One per cent solutions of pure
fertilizer salts were used for spraying. Obsexrvations
were recorded on all iuwportant growth and yield
characters,

I, Growth characters.

(1) lleamht ond number of lesves.
(a} Foliar application of nitvogenous fertilizers

{urea, ammonmium sulphote end ammonium aitrate) at L grans
of nitrogen per plant increased ihe height of plants
by 23 per cent and the number of leaves by 30 per cent

cver the control,



{b) ileither the three sources of nitrogen nor the
nmetheds of application differed significantly in their
influence on height and number of leaves per plant.

{2) Leef avea.

{a) Folisr sprey at b grams of nitrogen per plant
enhanced on the average the leai area by 95 per cent
over the control,

(b} Of the three fertilizer sprays, ures induced
greater increment of leaf area than ammonium nitrate;
the lowest value of the leaf area was obtained in
plants receiving amonium sulphate sprays.

{e) Irrespeective of the method of application
and fom of fertilizer, rise in the dose of niirogen
produced a corvesponding incresse in leaf ares,

(d) Soil applied fertilizers were significantly
better than foliar sprays in their offect on leaf aven,

{e) Third erder interactional effect among forms
of fertilivers, method of appliesticn and levels of
nitrogen was evident,

{3) Cirth of stem.

{a) Foliar sprays at L grams of nitrogen per plant
increased the girth of stem to the extent of 22 per cent
over the comtyol,

{b) Urea spray was distinetly superior to ammonium
sulphate, bub on pay with ammonium nitrate in increasing

the girth of stem.
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{e) Inecreasing the levels of nitrogen (3 and &4
grams per plant) tended to produce greater girth of
stem than the lower doses (1 and 2 grams per planti.

(d) Interactionel effect between methods of
application and leovels of nitrogen was significant,
Soil applieation of L grams of nitrogen per plant
prodoced the greavest girvth of stem, closely followed
by soil application of 3 grems of nitrogen per plant.
1T, Yisld dharacters.

(1) Green leaf vield.

{a) Polisr spraying at the rate of 4 groms of
nitrogen per plant increased the weight of green leafl
per plant by 132 per cent over the control,

(b} Higher mean values of welght of green leaf
invariably corresponded with increasing levels of
nitrogen.

(¢} Urea sprays gave green leaf yield significantly
greater than what was obtained with somonium nitrate
and ammonium sulphate,

{d) S0il application of fertilizers tended to glve
greatey yield of grecn leaf than foliar sprays.

{2) Cured leaf yield.

(a) Peliar spreys of Tertilizers at § grams per
plant increased the weight of eured leaf per plant

by 123 per cent over the control.
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{b)} The relative efficiency of the three
fertilizers {(uvea, ammoniuwn sulphate and ammonium
nitrate) in increasing cured leaf yield was in the
decreasing order My-ls=ii,,

{c¢) There was a progressive incrcase in yield
with the rise in the doses of fertilizers.

(4} 301l application of the same fertilizers in
comparable guantities produced greater yield of cured
leaf than which was obtained with foliar spray of
the fertilizers,

(3) beight per undy ares of leaf.

(a) Foliar sprays of nitwogen profoundly
influenced the weight peyr unit area of leaves,

A progressive increase of this character of the
leaf with increased levels of nityogen upto 4 grams
per plant was evident,

(b} Soil applicd fertilizers induced slightly
more increase in the weight per unit area of leaf
then comparable fertillizer sprays.

177, Chemieal contents of vthe leaf,
{1) Total nitrozen content of cured lesves.

(a) Foliar application of nitwgen inecreased the
sotal nitrogen content of dry cured leaf,

(b} Urea sprays increased the nitrogen content
of leaves more than ammonium nitrate and smmonium

sulphate.
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{c} The inerease of nitrogen content in leaves
was greater whén the fertilizers were applied as
foliar sprays than as soll application,

{2) Percentage of nitrogen recovery.

(2} The average percentage recovery of nitrogen
obtained with foliar sprays of nitrogenous fertilizers
wag 20,53 vhile the mean value with respect to the
soil application was 30.2.

(b) Recovery of mitrogen increased with rise in
the dose of fertilizers vwplo &4 grams of nitrogen per
rlantb, But the mean valueg of recovery of nitrogen
corresponding to the higher levels (3 and 4 grams
per plant) did not differ grestly.

{3) Nicotine content of leaves.

(a) Foliar sprays of nitrogen had significant
influence in increzsing the content of nicotine in
leaves,

{») Increase in nicotine content was greater when
the fertilizers were applied Yo the soil than as
foliar spray.

(¢) In the case of folier snray, ammonium sulphate
gave higher content of nicotine than ammonium nitrate,
vwhile smmonimm nitrate produced greater increase than
the urca.

(@) with soil application, smyonium sulphate was
superior to ureca and urea gawe higher results than

armonium nitrate.
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{4} Potash content of lesves.

(a) Poliar sprays of nitrogenous fertilizers
incressed the percentage content of potash in cured
Leaf,

{b) Potash content increased progressively with
ecorresponding vise in dose of nitrogen upto L groms
per plant,

{c} The inerease in potash content was greater
vhen the fertilizers were applied to soil than as
foliar sprays.

{d) Urea sprays tended to increase the povash
content of leaves more than esmonium nitrate and
ammonium sulphate,

{5) Chlorine content of leaves,

(a) Foliar application of nitrogen tended to
wncrease the conlent of chlorine in leaves.

{b) The chlorine content of leaves increased
progressively with the rise in nitrogen dose ¢f the
spray solution upto L4 grans por plant,

(c} With soil application of fertilizers, lower
doses of nitrogen (1 and 2 grams per plant) showed
an increase in chlorine content of leaves, while at
higher levels of nitrogen {3 grans and 4 graws per
plent) the chlorine content of leaves recordsd a
reduction.



CONELUSIQES W TFL

The following broad conclusions may be drawn
from the results obtained in the present investigationi
(1) Foliar spray of nitrogenous fertilizers
increases the vepetative agpects of chewing tobaeco,
like height of plants, mumber of leaves, leafl area
and girth of stem.
(2) Foliar application of nitrogen favourably
influences the yleld characters in chewing tobaeco
such as welght per unit aves of leaf, green lcaf
vield and cured leaf yield.
{3) Foliar feeding of nitrogen inecveases the
total nitrogen, nicotine, potash and chlorine content
of leaf.
{L) Urea is the ideal spray material,
{5} The percentage of recovery of nitmgen is
higher in plants receiving nitrogen through seil
than in those which are sprayed with nutrient sclutions.
{6) 4s compared with foliar spraeys, soil
epplication of solid fertilizers produces greater
inerease in vegetative as well &8 yield chavacters

in chewing tobaccos
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Appendix - II
Table No.

Height of plant on 30, 60, 75 and 90 days after
Lransplanting

(Analysis of variance)

Factor BeF. - & e o
M. 8.8, M.5.8. M.5.8. M.S.S.
Total 149 81,76 2265,55 3801.71  14296.87
Block b 1,67 5.28 9.75 1.83
Forms (M) 2 0.32 1.79 1.29 0.35
Error~& 8 4,59 32.65 19.04 7.97
Hethods (F) 1 0.32 0.05 3.50 0,00
MxF 2 0.25 1454 0.95 0.81
Error-B 12 3.77 16.98 29,24 16.95
Levels (L) L 17.26 @ 2032.41 3529,15 * L179.64
MxL 8 7.81 7.77 24,90 8.4k
FxL 4 1.67 2,51 1.97 6.28
MxFxL 8 10,91 19.49 25,64 2,11
Error-C 96 33,19 145,08 156,28 72.49

* Bignificant at 5 per cent level,



Appendix - ITI

Table No,
Humber of leaves per plant on 30, 60, 90 and 115 days

after transplanting.

{Analysis of variance)
Factor D,F. 2 66-“- 20 1

M. 5.8, MeS8,8, B, 5,8, 2,8,.9
Total 149 33.79 137.97 323.07 250,294
Block L 0.16 Relily 2,64 1.761
Forms (M) 2 0. 41 1.05 0.37 0.65L
Error-A 8 0.72 2,28 1.96 2.525
Fethod (F) 1 0.05 0.14 0.16  0.100
MxPF 2 0.13 0.94 0.38 0.656
Error=-B 12 2,32 7.52 3.16 2,298
Levels (L) 0.22 95,17 * 280,30 +218,964 =
MxkL 1.26 1.55 2.30 1,676
FxL b 0.19 0.93 0. 7% 0.006
KExPxL 8 1.53 2.59 3.22 L. 750
Error-C 96 26,80 25.80 27.8h 16,914 *

% Significant at 5 per cent level,



Appendix - IV
Table No.

Leaf area on 30, 60, 90 and 115 days after transplanting

(inglysis of variance)

Factor D.F, 30 % 2 "
M.8.5. M.5.8. Mol S, M. 5.5,
Total 149
Block 1 228,46 30,577  32609,94 2014,9
Forms (M) 2 203,95% 2123918% 10979095% 80950293
BError-A 8 9,47 25.536  33790.0 1393.5
Method (F) 1 0.01 1790880% 14270285% 9988720%
MxF 2 93,92 81570,66% 3336916+« 329341
Error~B 12 27.00 93.11 5606.25  2172.2
Levels (L) &k 139.31 4985532  42530988* 3484,5730%
MxlL 8 158,74 139252, 58% 1020190, 3% 7346282%
Fxl b 125,19  135748,5L% 772021,6 762526
MxFxL & 204.26  11181,08% 119368,0+ 59942,2%
Error-G 96 79.00 72.5 K0014,9 2690, 4%

# Significant at 5 per cent level,



Appendix ~ V.

Table Ho.

Gireh of stem

{Anzlysis of veriance)

Factor Dufa 345, He 303, Varionce 'F! fyom
ratie table 5%
Totol (1% bhe 9
Bloek [ el G.07 e 11 3.84
Poms (1Y 0,178 03.089 D82 % LekS
Rrropeh 8 G.072 0,009
sethods (F} 1 205 0.05 12,50 = Ly 75
nEp 2 G+00 G060 0. 00 3.88
ErroreB 12 .05 0008
Lovals (W) & 42,66 10,67 133375 = 2.48
L 8 0,48 0,06 7,26 = 2,06
XL [ 0. 12 0.03 3.61 = 2e48
HFEL g 0.01 0,005 Ge60 2,06
EITO PG 96 0.80 0.0083

« 3ipnificant at 5 per cent level,



Appendix - VI

Table Hn,
Green welsht of leaf

b

{analysis of variance}

Pagtor Doy S8, 2P T W Varlanoe 1% Srom
ratio table 5%

Toval %9 1230751.34

ook & 40,80 10, 22, 1.87  3.0%
Yoms {11) 2 8187437 5093717 682,83 -~ bbb
Brroymi 8 543,60 5,45

Lethods (F} 1 £8240.68 Lesk0, 68 301506 + L,75
NEF 2 2380,32 1190,16 753,86 # 3,88
Ervor=3 12 19,69 1,633

Levels (L} &  1UL5871.68 261467.92 k054,23 * 248
b & 8 33157,32 Likh.665  6L7,51 * 2,06
&L b 16920.98 L230.245  OADLT3 % 2,48
WP xL g 1688,02 2110025 33.53 + 2.06
Hreoret 96 618,60 6,4,365

* Significant at 5 par cent level.
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Appendix - VII e b
,f,_; S
é‘ \'Eu“ N )‘g“,"}?

Table No. 3 /r:\:v

e g
. “/) nane
Weight of cured leaves TR

S e

{Analysis of variance)

Factor D,F. 8.8, M.5.8. Variance 'F! from
ratio  table 5%
Total 149 49039, 59
Hlock 4 7,020 1.755 1.35 3.84
Forms (M) 2 3124, 70 1562.35 1201.55 *  L.4b
Error-A 8 10,33 1.291
Methods (F) 1 1871,96 1871,96 2078.97 *  L75
K R F 2 90,40 45,20 50.12 *  3.88
Ervor-B 12 11,01 0.0175
Levels (L) &4  4L1762,55 10440,6375  5556.37 *  2.48
UEL 8 1262, 56 157,82 83,50 * 2.06
F&RL L 648,69 162.1725 86.15 *  2.48
MFXL 8 69.77 8,721 L.53 * 2,06
Error-C 96 180.60 1.881

-

3

Significant at 5 per cent level,



Appendix - VIIT

Table No.

weizht per unit avea of leaf
(Analyseis of variance)

Factor D F. ER-N FieBate varience 'F! from
ratio  table 5%
Toal W9 0,003563026
Tiock L 0.000001356 ©0.,000000339 (! 2,020 3.8
Fomms (1) 2 0.,000000291  0.000000143 CuB6  halb
Ervor=i 8 0.000001342  0,000600167
Nethods (F) 1  0,000000851  0,000000851 LSL3% BT
i rE 2 0.000001885  0.000000952 5047 * 3,88
Gerov=B 12 G,000002064  0,000000172
Levels (L) &  0,003526747 0.000881686 A081.88 © 2,48
nRL & 0.000005925  0,00000C7L1 343 7 2,06
FEL 0.000001633 0000000408 1,84 % 2,48
i F L 8 0.C00006177  0.000000772 3.57 2,06
Drroset 96 0.00020755  0.000000216

* Significent av 57 Level,



Appendix = T4

Table o
“Nltrogen content of ]:gaves

e P N g S
Nt b TR o, ad

{snalysie of vaviance)

WORTCS Deria [E N FaSpe fariance
ravio

Tutal 13+ 7427 149

thole plot 2.1541 29

Replication & 1,1981 2 0.08285 W 1677 *

Fosas (1Y Q. 4820 4 025120 27,0909 =

Mevhods (1) 0. 2804 1 0 20040 330.0000 *

HxP 0,1657 2 0,08285 Qb TLTT *

fyvor (A) 0. 0175 20 0.00088

Subeplot

Levels (&) 10,5633 i 2,64082 2967,2130 -

LxL 0.4223 8 0.05279 59,3146

LxF 0.2336 & 0. 05840 65,6179 =

LxkxF 0.2843 g 0.035%

Eyror {8) 0. 0861 96 0. 00083

%= Bignificont at 5 por conv level,



'Appendix -~ X
Table No,

Liicotine content of leaves

{Analysis of variance}

Source SeS, D.F. M.S.S. variance
ratio

Total 11,2655 149

Wnole plot 71737 29

Replication R 0.5420 L

Forms (M) 11,6191 2 0.80955 116,148 =

Methods (F) 3.2737 1 3.27370 469,684 *

MxF 1.5995 2 0. 79975 T, Th2 *

Ervor (4) 0.1394 20 0.00697

Sub-plot

Levels (L) 1.6245 L 0.40613 419.98L, *

L xM 0.6465 8 0.08081 83.570 =

LxTF 1.0330 L 0.25825 267,063 *

LxlxPF 0. 6950 8 0.86875 898.397 =

Error (B) 0.0928 96 0.000967

+ Significent at 5 per cent level.



Appendix - XI i
Table No.

Potash content of leaves

{Analysis of variance}

Factor D.F. 5,3, M.S.8, Variance 'F' from
ratio table 5%

-

Total 149 2.1579

Block & 0.7570 0.1892 3.84
Forms (M) 2 0.0249 0.1245 - Lek6
Error-A 8 0.0107 0.0013

Mexhods (F) 1 0.0015 0.0015 2 L.75
MxF 2 0.1149 0,057k 3.88
Error-B 12 0.0115 0400095

Levels (L) L 0.0197 0.0049 * 2,48
MxL 8 0.1329 0.0166 2,06
FxkL L 0.9410 0,2352 2.48
MxFxlL 8 0.0168 0.0021 2.06
Error~C 96 0.1269 0.00132

o - v - -

* Signifieant at 5 per cent level,



dppendix - XII.
Pable Ko,

Chlorine content of lesves.

{analysis of vardance)

Factor TeFe Seds eS8, Variance 'F' from
ratio talble 5.

Total, thS 6.6787

Block 4 0.6157 0.1539 22,656 * 3,84
Forme (1) 2 0.0768 0,038k 5.6k = hLekb
BETOYma 8 0,0548 0.00687

fethods (F) 1 2,5298 2,5298 12649 ¢ La75
i1 xF 2 0.1370 0.0685 34,2 ¥ 3,88
Error-B 12 G, ORL9 0.00207

sevels (L) & 0.1075 040268 20,42 2,48
&L 8 0.1567 0.0195 15.06 + 2,06
FxiL [ 23348 0.5837 29,2 » 248
! Pl 8 0.4307 0.538 39,6 2,06
Dryor=C G6 0.1312 0,00136

@ gignificant at § per cont lovel,
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