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It has long been known that plants are capable of absorbing 
nutrients through above-ground parts. The earliest published 
report on “foliar absorption of mineral nutrients was by 
Gris^ (1844) and this was followed by those of Mayer (1874),
Bohm (1877) and Ililtner (1909). Research on this subject has 
been greatly stimulated in recent years by the use of radioactive 
isotopes, by the availability of concentrated highly soluble 
fertilisers and by the development of suitable sprayers.

The spectrum of materials, known at present to be absorbed 
by plant foliage, is exceedingly broad. Anions such as nitrates, 
phosphates, sulphates, chlorides and iodides; monovalent cations 
like potassium, sodium and rubidium; divalent cations as calcium, 
magnesium, strontium and barium; and trace elements like iron, 
manganese, zinc, 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, vegetable crops, fruit trees and plantation 
crops. Correction of trace element deficiencies by foliar 
spraying is at present prevalent on a commercial scale in the 
orchards of California and Florida. It is reported that 
seventy five to eighty percent of nitrogen currently applied 
to Hawaiian pineapple fields is in the form of urea sprays, 
while forty to fifty percent of the phosphorus and potassium 
fertilizer is applied to the foliage. Nutritional spraying of
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row crops and small 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. 
Thome and Watson (1955) reported that in wheat urea sprays 
produced increases in yield and nitrogen content of grain. 
Jaurez, Applegate and Hamner (1957) obtained enhancement of 
yield and protein content of barley by foliar application of 
urea. Narayanan 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 
Hinkov (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 
crop. 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 
would appear to be more possible with foliar feeding.



Furthermore, there exists special problems in different 
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 (Micotiana tabaccum L.) is an important 
cash crop in the Cannanore District of Kerala. It is grown 
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 liberal nitrogenous manuring.

In view of the beneficial response to foliar spray of 
macronutrients, reported in other crops, 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 mate a comparative study of two methods of 
supplying nutrient, viz: (1 ) foliar spray of fertilizer 
solutions and (2) soil application of solid fertilizers.

The results of the investigation conducted during 
1962-63 are described and discussed in the following pages.
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REVIEW OF LITERATURE 
The phenomenon of foliar absorption 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 
"HLattdumgung. ” The earliest published report on foliar 
absorption of mineral nutrients was by Griss (1844) and 
this was followed by reports of Mayer (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 evident from the studies on 
absorption rates for nutrients applied to plant foliage, 
made by several research workers as Fisher and Walker (1955), 
Hilton and Shaw (1956), Bukovac and Wittwer (1956) and 
Sanford etc. al.(1958). Bmnert 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 (Q10) for absorption of urea is close to one.

The absorption of phosphate, sulphate and chloride 
appears to involve either 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).

Factors affecting absorption.
(a) Contact angle and surface wetting.

Fogg (1947) found great differences in the contact 
angles of water 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 (1954) 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.
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(b) Paths of entry.
Cook and Boynton (1952) reported that the lower surfaces 

of apple leaves always absorbed a larger proportion of urea 
applied, than did the upper surfaces. They further stated 
that the shorter the time interval, the greater is the 
relative efficiency in absorption by lower leaf surfaces} 
the larger the time interval, the smaller 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 si try of sprayed substances.

Orgell (1955) suggested that cracks and imperfections 
in the cuticle or an imbricated cuticle of small platelets 
cemented together by pectic materials, might result in ready 
penetration of foliar-applied polar substances. Bata 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,
(c) Temperature and humidity.

Cook 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.



So sa-Bourdouil and Lecat (1952) reported that for 
phosphorus absorption the Q10 value approximated to two.
Same Q10 values were reported for potassium and rubidium 
by Teubner, Bukovac, Gaur and Wittwer (195$).
(d) Age and nitrogen status of absorbing leaves.

Cook and Boynton (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 absorption of urea nitrogen than were 
low niurogen leaves. Higashino and Yatazawa (1952) reported 
that plants deficient in phosphorus absorbed foliar applied 
phosphorus more rapidly than those grown in phosphorus rich 
media.
(e) Chemical composition of the nutrient spray.

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

Smart 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.
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Montelaro, Hall and Jamison (1952) found that tomato 
leaves were less subject to injuries from epsom salts 
sprays of relatively high concentration, than from sprays 
of urea at comparable molar concentrations.
Plant responses to sprays 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 period 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 terms of yield and quality 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 (1955)) found that four urea 
sprays at 0.7 per cent, increased yields of apple trees 
by 13.5 per cent. Fan 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.

Cannon (1950) reported significant results obtained 
by applying urea spray to pineapples.

Madera Bernal (1953) and Maundorf (1954, 1960) reported 
beneficial effects in cocoa plants by spraying with urea.

Bobinson and Harcombe (1959) showed that in order to 
avoid leaf scoreh in leaves of arabica coffee plants the 
strength of urea should not exceed one per cent by weight.

Burr and co-workers (1957, 1956) reported that high 
percentage of the required nitrogen could be supplied by 
foliage sprays of urea in sugarcane.

Kuthy, Ferees 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 ammonium nitrate accelerated 
growth of the crop.

Pedas (1956) reported that tomato seedlings receiving
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urea spray made more rapid growth and produced 19.5 per cent 
increase in yield. Matskov and Ikonenko (1958) observed 
nhat phosphoric acid uptake by tomato 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 Kaung (1957) reported that spraying with urea 
at 0.5 per cent strength increased cotton yields by 140 
pounds per acre.

Applegate and Baianer (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. Jaures Gallano and Swanson (1955) found 
that pre-flowering spray of urea increased grain yields 
while post-flowering foliar application improved protein 
content of grain in wheat. Krzysch (1958) obtained 
significant increases in yield and protein content of 
grain of wheat by foliar spray of 1,7 per cent ammonium 
nitrate.

Fuleki and Magymehaly (1956) noted that repeated 
application of urea spray at one per cent tended to delay 
maturity of maize crop. Narayanan and Vasudevan (1959) 
reported that weight of maize cob increased by more than
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30 per cent by spraying with urea and ammonium sulphate.
Volk and Me Auliffe (1954) demonstrated an extensive 

absorption and distribution throughout the plant, of urea 
nitrogen applied to tobacco as foliar spray. Mother and 
Trefftz (1954) found that spraying with 0.2 molar ammonium 
nitrate could 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 macronutrients were reported by Hinkov (1959). 
Ivnovsky (19&0) reported an increase of 12.9 per cent in 
the yield of tobacco sprayed with a solution containing 
nitrate of ammonia.
Conditions determining the feasibility of nutrition by 

' foliar application
Boynton (1947) 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 quality in so far as it furnished a means of 
adjusting the nitrogen level of the tree in accordance 
with the seasonal conditions.

Humbert and Hanson (1952) stated that the advantage



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 beneficial results from foliar application of 
nutrients could be obtained in plants having low levels 
of nutrients.

Boynton (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 method 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 
followed spraying of sugarcane with concentrated urea 
solutions. This increase was much more rapid than that 
caused by comparable soil treatments.

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

Jones and Steinacker (1953), and Kuykendall and 
%/allace (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.

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

Jorissen (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 and spraying 2 per cent ammonium 
nitrate solution produced similar increases of yield
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and nitrogen content of grain in wheat.
Walker and Fiaher (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 from 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 compared 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 similar amount of nitrogen 
applied entirely eo soil,

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

Experiments conducted with Me 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 
anaonium 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 nitrogen is readily absorbed by 
aerial plant parts, often several times more efficiently 
than from soil treatments. Yet, only few reports 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 application of 
fertilisers.

Nitrogen Nutrition of Tobacco 
Nitrogen is of outstanding importance not only in 

its effects on the growth of tobacco but also in its 
influence on various elements of quality of cured leaf 
as was demonstrated 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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Gamer et. al» (1934 and 1939) reported that 
application of nitrogen increased yield and leaf area 
of tobacco plants.

Brain (1937) found that a two-fold increase of 
nitrogen over that ordinarily used, that is from 14 
to 26 pounds per acre, led to increased leaf yields.

According to investigations of Gamer (1937), 
at least one third of the nitrogen applied to the 
crop should be in a slowly available organic fora 
and one third in the fora of urea and potassium 
nitrate.

Robert et, al. (1936) stated that tobacco crop 
requires a large supply of nitrogen for obtaining high 
yields; but the amount available at particular stages 
of growth tended to determine the quality of cured leaf.

According to Batchell (1936) maximum yield of 
tobacco was obtained when there was a liberal supply 
of nitrogen.

Gamer (1947) stated that a high level of nitrogen 
assimilation favoured high water content or turgor in 
tissues which resulted in increased foliage expansion, 
enhanced accumulation of nitrogen in mature leaf and 
modified the ripening processes.

Gamer (1947) also stated that nitrate forms of 
fertilisers were the most efficient in promoting rapid 
growth.
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Swanback (1947) reported that the quantity of 
nitrogen absorbed by transplanted seedlings upto 30 
days was always a little,

Swanbaek efc, aj,, (1947) observed that the 
absorption of nitrogen by tobacco plants was usually 
in proportion to its availability in the soil,

Volodarsky (1946) reported that the application 
of an increased quantity of ammonium sulphate 
increased the thickness and area of the leaves,

Carr and fleas (1949) stated that urea is the noet 
profitable foxia of nitrogenous fertiliser for tobacco 
crop.

The annual report of the Indian Central Tobacco 
Committee (1949-50) recorded that yield of tobacco 
enhanced significantly with increased levdLs of 
nitrogen supplied to soil, With the application of 
90 pounds of nitrogen the yield was found to increase 
by 500 pounds over the control (no manure).

Results of manurial trials reported in the annual 
report of urapper and Hookah Tobacco Research Station, 
Dinhatta, showed that with the addition of every 60 
pounds of amoniusi sulphate there was an increased 
yield of about 70 pounds of tobacco leaves,

Batra (1950) reported that a continuous supply of 
nitrogen throughout the growing period of the tobacco 
crop resulted in higher yield.
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Russell (1950) stated that the photosynthetic 
activity was roughly proportional to the amount of 
nitrogen supplied.

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

Kadam et. al. (1950) reported that the average 
yield of 620 pounds of tobacco per acre from nitrogen 
plots was sigiificantly 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.

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

In an experiment 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, Bihar (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, ?edasandur (1955-56) recorded an increase of 
about 55 per cent of first grade leaf yield with the 
application of 100 pounds of nitrogen.

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

Sajnani and Bhyani (1955) reported that in hookah 
and chewing tobacco, nitrogen fertilisers effected 
increases both in growth and yield. The optimum require­
ment was found to be 50 pounds of nitrogen per aere.
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Annual progress report (1957-58) of the Bidi 
Tobacco Research Station, Anand, stated that the 
differences in yield due to sources of nitrogen 
were significant. Ammonium sulphate was significantly 
superior 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, revealed that groundnut cake and ammonium 
sulphate mixtures were in no way inferior 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 
acre.

Kuiup and Tejwanl (1960) reported that as far as 
growth, yieLd and production of good grade leaves were 
concerned, cigar tobacco responded to the application 
of nitrogen. Nitrogen from organic sources hastened 
growth more uniformly than no nitrogen or inorganic 
sources of nitrogen 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.



Influence of nitrogenous fertilisers on the chemical 
content of the tobacco' leaf~

Baily et. al. (1928) reported that liberal 
application of fertilisers to tobacco plait increased 
assimilation of nitrogen.

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.

Eoraer (1940) reported that increases in nicotine 
content could be obtained by application of nitrogen 
fertilisers. Ammonium sulphate was found to be better 
than urea in this respect.

Lacrose (19*8) found that nicotine content of 
tobacco leaf increased with moderate application of 
nitrogen.

Woltz et. al. (1949) stated that nicotine content 
was positively correlated with nitrogen and carbo­
hydrate content of leaf.

Me Evoy (1951) observed that low nitrogen accelerated 
maturity and decreased the content of other macro- 
nutrian ts, except phosphorus in the leaf.

Gilmore (1953) reported that when the ratio of 
ammonium 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 
tobacco 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 investigation 
was 'Pannan', 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. Sukumaran 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, 
gpex is pointed. Leaves droop heavily. Lamina is fine
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textured and thin in body. Flower is about 5.5 cm 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 material 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 gram) and potash {6 grams) were applied in the 
fona of super-phosphate and potassium sulphate, for 
every 40 kilograms of sand. The farm yard manure and 
fertilizers were mixed with the sand fifteen days 
earlier to planting the seedlings. Samples of the farm 
yard manure mixed with sand were analysed; the results 
are given belows

Percent on oven-dry basis
N - 0.65

p2 °5 " 0.34
k2 0 - 0.53
Ca 0 - 0.057
Mg 0 - 0.04

Experimental technique.
Experimental lay-out.

Design - Split-plot experiment in randomised block.
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Number of treatments - 3 x 2 x 5 =  30 
Humber 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 fows of 
nitrogenous fertilizers and the different levels of 
nitrogen were connoted as follows.

{1) Urea - M1

(2) Ammonium sulphate - m 2
(3) Ammonium nitrate - m3

B - Sub-nlot treatments (methods of atmLication)
(1) Foliar spray - *1
(2) Soil application - *2

C - Sub-sub-Dloc treatments (levels of nitrogen)
(1) 0 gram per plant or d ^ 

per 40 kilograms of soil § o
(2) 1 gram -do- *■1
(3) 2 grams -do- L2

(4) 3 grams -do- l3
(5) 4 grams -do-

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

manure (2 kilograms per 40 kilograms of sand).
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superphosphate and potassium sulphate to supply 1 gram 
of phosphoric acid and 6 grams of potash respectively 
for every 40 kilograms of sand, were also 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 uniformly in six pots, the 
surface of the sand in the cots was then pressed 
evenly. The pots were covered with sraw, and watered 
daily. A protective spray of peronox against 
•damping off was given at the rate of 1 gram in 0.1 
gallon of water. Seedlings were ready for transplanting 
in the second week of October 1962.
Planting of seedlings.

Vigorous seedlings of uniform size were selected 
for transplantation. The roots were washed with pure 
water. Planting of seedlings was done on 15th October 
1962 in pots, arranged 90 centimeters, both ways. 
Spraying of fertilizers.

One per cent solutions of pure fertiliser salts 
were prepared in distilled water and utilized for 
spraying the plants within six hours,

As a preliminary trial, a few young seedlings from 
the nursery were sprayed with 20 ml of 1 per cent solu­
tions of urea, ammonium sulphate and ammonium nitrate 
"at weekly*;} intervals and it was observed that no 
scorching of leaves occurred.
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Katskav and Ikonenko (195$) reported that one 
per cent urea spray did not produce any scorching 
effect on leaf of tomato.

Cannon (1960) stated that urea, one pound 
dissolved in one gallon of water did not produce 
any adverse effect on leaf of pineapple,

Kraysch (195$) observed that 1,73 per cent of 
ammonium nitrate solution sprayed on oats did not 
produce any scorching of leaves,

•Teepol* B-300 was added to the spray solutions 
which acted as a wetting agent. Two grams of 'Teepol* 
were mixed with one litre of spray solution.

Studies by Guest and Chapman (194$) and Cook 
and Boynton (1952) have indicated that wetting agents 
increased the efficiency of absorption of leaves.

Helmspray atomiser No.600 was used fbr spraying 
the fertiliser solutions. The spraying was done both 
on the upper and lower surfaces of the leaf. Cook 
and Boynton (1952) found that lower surface of apple 
leaves always absorbed a larger portion of the nutrient 
spray applied than did the upper surface.

The different doses of nitrogen namely 1 gram,
2 grams, 3 grams and k grams per plant were split up 
into four equal parts and sprayed at fortnightly 
intervals, beginning from the 30th day of planting 
the seedlings.



29 -

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 tjhole quantity of solution was used.

The plants were sprayed with fertiliser solution 
in the evening hours. Volk and Me Auliffe (1954) and 
Frq^berg and Payne (1957) have observed that foliage 
uptake of nutrients 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 the 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 coincide with the active phase of growth 
period of the plant.

The spraying of nutrients was done on the following
dates

Pate. - Days after transplanting.
12-11-1962 - 30
26-11-1962 - 45
10-12-1962 - 60
24-12-1962 - 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 toxic to living plant cells5 hence 
distilled water was not utilised for spraying the 
control plants.
■toil application of fertilisers.

As with spraying nutrients, the different doses 
of solid fertilisers applied to the soil were divided 
into four equal parts and applied at fortnightly 
intervals, beginning from the 30th day after trans­
planting. The soli) application of fertilizers was 
done on the sane dates as foliar sprays.
Irrigation.

The plants were watered daily, in the uorning as 
well as in the evening with a hand sprinkler. The 
water used for irrigation was analysed; results 
obtained are furnished below:

Analysis of Irrigation water
pH - 3.2

tc x 10^ - 6760

T.o.b., ppm - 640
Sulphates, ppm - 520
Chloride, ppm - 50
Iron, ppm - 78

lopping and suckertng.
Topping (re&ovol of apical bud) was done on 3-1-1963. 
3«kering (removal of axillary buds) was carried 

out on tho following dates; 3-12-1968, 10-1-1963, 17-1-1963 
and 24-1-1963.
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There were no pests or diseases of importance to 
need special mention.
Curing of tobacco.

After harvest of the plants, the leaves were 
removed and their weight recorded. The leaves and 
stem were spread on the ground for wilting. The leaves 
from each plant were tied together and hung down from 
bamboo beams arranged in the open field. After 20 days 
of drying the bundles of loaf were stacked in rectangular 
heaps, weights were placed ©a the heaps. Every third 
day, the heaps were remade. Feraertation of leaves \t&s 

completed after 15 days of fjstacking,
The cured leaves were exposed under shade for sist 

hours and the weight of cured leaves was recorded.
Characters studied.

The following growth end yield characters were studied.

Cnaraeter studied Kuaber of Bays after
observations. traisplantiag.

(1) Height of plant 3 30, 60,75^90
(2) bumber of leaves 3 30, 66,-90, 115.
(3) leaf area 3 do.
(43 Girth of stem 1 at the timeof harvest.
(5) Maturity study 1 do.
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Post-harvest studies
{1) Green weight of leaves
(2) Cured weight of leaves
(3t Thickness of leaf
(4) Chemical analysis of cured leaf

(a) hicotlne content
(b) Uitrogon content
(e) Potassium content 
{d) Chlorine

Procedure, followed to study the characters
Observations were made for all the 150 experimental 

plants.
Height It was measured in centimeters from the base of 
the plant to the top of tne stem.
dumber of leaves Counts were taken of the functional 
leaves systematically in each plant.
Girth of stem a tape was wound around the middle of
the stem and circumference read out in centimeters.
Leaf area The outline of leaves was marked on paper 
and the area wae measured with t.r-e help of a planineter.
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Thickness of leaf.
This was expressed as weight of leaf per unit area.

Ip was calculated from the formula:
Weight of green leaves per plant in grams 
Total area of leaves in square centimeters

Estimation of chemical content of cured leaf.
Samples of cured leaves from 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 
A.O.A.C.
Analysis of experimental data.

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

The treatment 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 below.

Outline of analysis of variance table
Source D. F.
Total 149
Whole-plot treatment 2 

(M)
Replication 4
Error (A) 8
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Sub-plot treatments (F) - 1
K x F Interaction - 2
Error (B) - 12
Sub-sub-plot treatment U ) 4
M x I> Interaction - a

F x t Interaction - 4
M x F x L Interaction - g
Error (C) - 96

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 jwerjeeal culated. 
Graphical representation of results was made wherever 
necessary,
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R E S U L T S

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

Growth 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 hos.1, 2, 3. The effect of the 
treatments on height is represented by bar diagram 
(fig. 2).

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

Table Ho.1
Average height of plants (in cms) as affected by formsof fertilizers.

Days after planting. Mi m2 m3

30 13.15 13.06 13.05 *F» at 5% not sig
60 45.17 44.96 45.21 do.
75 65.65 65.74 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 
furnished in table No,2.

Table No.2
Average height of plants (in cms) as influenced by method of application of fertilizer

Days after planting *2

30 13.04 13.13 'F> at 5% not sig40 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 nltiogen 
on height of plants is presented in table No.3.
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Table Ho, 3
Average height of plants (in cms) as affected by 

differoit levels of nitrogen.

Days after Levels of nitrogen
planting.

L0 Li L2 l3 H

30 12.85 12.76 12.83 13.51 13.50 >F> at 
5fo not 
sigC.D. at 
5f» 0.064

60 39.^9 42.76 44.92 47.46 50.52

75 53.86 61.90 65.97 69.03 72.40 C. D. at 
5% 0.594

90 60,88 64.42 68.83 72.50 75.46 C.D. at
5% 0.444

Interence: Interactions - not significant 
l 4 l 3 l 2 l 1 %

The influence of levels of nitrogen on height of 
plants was highly significant. There was progressive 
increase in height of plants with thfc 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 height 
was recorded on the date of final observation. After
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SO 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.4, 5 and 6. 
Observations were recorded on differoit stage of growth 
viz, 30 days (S-j) 60 days (Sg) 90 days (S3 ) 115 days (Ŝ ) 
after transplanting.

Table No.4 furnishes the average number of leaves 
per plant as influenced by the three foras of fertilizers.

Table Ho, 4
Average number of leaves, as affected by forms 

“ of fertilizer '

Stages M-) % M3

S1 5.30 5.32 5.20 *F* at 5# 
not sig

s 2 1 1 .3 2 1 1 ,2 6 1 1 .4 6 do.

S3 14.90 1 4 .8 2 14.94 do.

s4 11.94 1 1.go 11.94 do.
There was no significant difference between the 

forms etf in their influence on production of leaves.
DaWiwith respect to the effect of methods of 

application of fertilizer on leaf number is presented 
in table No. 5.

i



Table No. 5
Average number of leases as influenced by methods of

application of fertiliser.

Stages F1 F2
Si 5.24 5.28 ’F’ at 5,» not sig
s2 11.30 11.38 do.
S3 14.85 14.91 do,
si 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 Ho, 6 presents the data pertaining to the 
influence of different leveLs of nitrogen on production 
of leaf,

Table No. 6
Average number of leaves as affected by different levels 

of nitrogen

Levels of nitrogen 
Stages --- — ---------------- -------

L q  I ,  L g

s, 5.30 5.30 5 .2 0 5 .2 0 5.26 'F* not sig
So 10.20 10.83 11.23 12.16 12.30 CD at - 0.Z67
53 12.60 14.43 14.83 16.23 16.33 CD at - 0,275
54 10.50 11.23 11.90 13.03 13.30 CD at 5fn - 0,214

Inference: -----
s2 l4 l3 **2 Di Dq
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The difference between levels of nitrogen la their 
influence on the number of leaves was statistically 
significant in 3 out of 4 stages of growth studied, 
however there was no marked difference between the 
mean number of leaves corresponding to the two higher 
levels, hj and X.4 during Sg and Sj stages,

fliers was progressive rise in the number of leaves 
with the increase in the age of plants. Compared with 
stage 2, the rste of increase of the leal nuaabor in 
stage 1 use greater. There was a reduction in the 
suiaber of leaves during the maturity phase of plant 
on account of shedding of lower moot leaves.

Leaf area
The periodical data in respect of leaf area of 

plants are furnished in table I*os. 7, $ end 9,
Data of leaf area per plant as influenced by the 

sources of nitrogen is furnished in table Bo. 7 and 
graphically represented in figs, 3, 4 and 3*

Table Ho. 7
leaf area per slant {in sq. emBl as affected by foms 

of~rcrtffIseis* ^ ^

btages Ilf Mg M-j
~~7 301774 555756 298.00 »F* at 5:-> not sig
3g 1912.00 1605.40 1696.00 CD at §,v - 2.329
S, 4831.64 3926.18 4169.50 CD at 5£ - 26.85
34 4174.72 3391.54 3622.90 CD at 5# - 17.214

Inference: bj Hg
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Results summarized in the table reveal a marked 
differ®ee among M-j Mg and in their effects on 
leaf area. In periodical increment of leaf area,
M-j lias significantly superior to Mj, while gave 
greater leaf area than Jig-

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

Table Mo. 8

Leaf area per plant (in sq. cms) as influenced bv methods 
of application of fertilizer.

Stages F.j Fg

Si 299.38 299.42 'F * at 5% not sig

S2 1628.90 1847.22 *F» at 5$ sig
s 3 4000.62 4617.44 do.

s 4 3471.62 4120.54 do.

Inference: Fg

There was significant difference between the 
mean values of leaf area corresponding to F-j and Fg 
(figs. 6 and 7).

F2 consistently produced greater leaf area than .
Data regarding increment of leaf area produced 

by different levels of nitrogen is furnished in table No.9
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Leaf area per plant (in sq. cms) as affected by 
levels of nitrogen

Table No. 9

Levels of nitrogen
L0 L1 1-2 l3 H

$1 295.S3 300.66 298.93 304.50 297.23 'P* at %
^2 1244.16 1 476.33 169 3.0 0

not sig 
2015.83 2260.66 C.D.at 5%

So 2838.33 3555.50 4243.33
- 4.354 , 

5058.66 5849.73 C.D.at 5$

sh 2406.83 3035.66 3647.16
- 102.40 

4460.40 5098.53 C.D.at 5%
- 26.52

Inference: l3 l2 L 1 L0

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 than that of Sg stage. A reduction 
in the total leaf area occurred in Sj 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 furnished in table No. 10.
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Table No.10
Average girth of stem (In cms) as affected by the treatments

Ferti­
lizer. Level

Method of application of fertilizer

*1 *2 Average

L0 5.22 5.21 5.21
5.42 5.45 5.43

*1 l2 5.52 5.53 5.52
L3 6.43 6.54 6.48
A 6.46 6.58 6.52

Average 5.61 5.86 5.83
L0 5.31 5.32 5.31
Li 5.20 5.32 5.26

M2 l2 5.53 5.44 5.48
L3 6.27 6.37 6.32
A 6.29 6.39 6.34

Average 5.72 5.76 5.74

5.11 5.11 5.11
L1 5.42 5.36 5.39

M, Lo 5.52 5.51 5.51i
A 6.41 6.50 6.45
h 6.45 6.57 6.51

Average 5.78 5.81 5.79
Mean of the data 5.77 5.81 5.79

’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: (2) Fz Ft (3) l4 l3 J2 L 1
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Results summarised in the table show that the
mean girth of stem was affected differently by sources
of fertilizers, was found to be distinctly superior
to Mg, but on par with M3 . M3 produced greater
girth than Mg,

With regard to the effect of methods of application
of fertiliser, results reveal that influence of Fg on
girth character was significantly greater than F-j,

Influence of levels of nitrogen on girth of
stem was statistically significant. Higher levels,

and L3 produced greater girth of stem than the
lower levels, I<2 and and the control. However,
the differaiee between L. and L_ was not much marked,4 3

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 Mo.1 1,

Table Mo. 11.
Interactional effect of methods of application and 
levels of nitrogen on average girth of stem iin cms).

Levels - Fl - *2

*̂0 5.21 - 5,2 1
lY - 5.33 - 5.37
*•2 - 5.52 - 5.49 *
l 3 - 6.37 - 6.47 *
l4 - 6.40 - 6.51 *
C.D, at 5$ - 0.022
* Significant at 5$ level.



The F L combinations were significant only for 
the higher levels of nitrogen, L^ and Ly The treatment
combination Fg L^ produced the greatest girth, closely
followed by Fg hy

Studies on yield and allied characters 
Total weight of green leaf per plant.

Bata with resoect to total weight of green leaf 
recorded at the time of harvost were analysed to find 
out the effect of treatments on the yield; the results
are summarised in table 12 and graphically represented
in figures 8, 9 and 10.

Table 00,12
Total green weight of leaf per plant in grams.

Ferti­
liser Level

Method of application of fertilizer

____ _f1___ ______f2______ Average

% ’ "”149.0 ” 147.0 148,0
198.0 2 38 .0 218 .0

n 1 l| 245.0 285.0 265.0
hi 342.0 398.0 370.0

J L .
397.0 468.0 432.5

Average 266.2 3^7,2 ‘ "” 286.7” ""
I»0 152.0 154.0 -----

169.0 181.0 175.0
Mg l2 19S. 0 220.0 209.0

4 266.0 308.0 287.0
309.0 356,0 332.5

Average 218.8 243.8 231,3
Lq 148.0 146.0 147.0

167.0 198.0 182.5
II3 1*2 204.0 266,0 235.0

l3 284.0 337,0 310,5
4 333.0 397.0 365.0

Average 227.2 268,8 248.0
Mean of data ” 53tT40" 273.2.5”” ”“ ” ” “ 255733

contd,,.
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'F* (at 5i°) for F highly significant - 4.75
C.D. for M means - 0.960
C.D. for L means - 1.240
Inference: Mg Fg F-j L^ Lj Lg

The influence of the three sources of fertilisers,
Jij Mg and on yield of green leaf was distinctly 
significant. The effect of the three fertilizers in 
increasing the yield was of the ordei>

Comparison of the effects of the two methods of 
application of fertilizer and F? on yield of green
X~) *
leaf revealed that Fg was markedly superior to F-|.

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 Ho. 13.

Table No. 13
Average yield of green leaf as affected by the interactional 
effect between method of application and level of fertiliser.

Levels F1 Fg
I>n 149.66 149.00 C.D. at 5$
L, 17S. 00 205.66 -2.281
l1 2 15.66 2 5 7.0 0
iA 2 9 7 .3 3 34 7.6 6
L4 346.33 407.00

bxcept m  the case of the control, all the Fg L combi­
nations we« superior to F-j L combinations. The highest mean 
green leaf yield was obtained for Fg L .̂
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Yield ol. cured loaf per plant;

Vhw details of the data regarding tne \ eight of cured leaf 
as Influenced by the treatsentSj are presented In Table 
ko»14lFig§ 8, 9, 10 and 111 furnish the graphical suranary of 
the results.

Table ho, 14 
Total -weight of cured leaf per slant In grants

Fertiliser Level
"efchod of application of fertilise

F1 F2 Average
31,68
41.60
51.00
70.44
81,40

31.68
49.60 
58.80
79.60 
95.50

31.7945.60
54,90
75.02
88.45

55.224 63.08 59.152
32.40
35.80 
41.60 
55.20
63.80

32.40
38.20 
46.00 
63.48
73.20

jZ.40
37,00
43.80
59.34
68.50

• 1
i-0
h
*2
i’3
1-4

Average

average

&
1*1
LZ
- I

h°
hi-y &

k
Average 
Hcan of data

amn'a-mwmiaoiHin—wwwwwmigi

n3

45.760
I n S T "
35.40
42. 30
58,30
68.80
*47^480
T 9 ~ m ~

50.656
31.32
41.60
55.20
69.20 
82.30
55.924
56.550

48.208
"*31̂ 46 ” 
38.50
49.00
64.00 
75.55

1 m 57
M» MB M M»

53.019
’P* at 5-3 for ? sig
C.D. for i! means 
C.B, for I. means Inference - r-.-j 3̂ ts2 P2 Fi

• 4.76 
■ 0.523 
- 0.7501-4 I>3 Lo
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P  ftosults siasaarized in Table bo, 14 show that the 
yield of cured leaf lb affected markedly by the three 
fo«na of fertilizers, i 1 i 2 and hj. The influence of 
the three soureec of fertiliser In the increment of 
yield of cured leaf was In the orders Kj ̂  î  ^ tig.

Pg treatment vas significantly superior to in 
effecting increase is cured leaf field.

The nean yield ealues were found to increase 3  
progressively wltn the rise In the doses of nitrogen, 
aoolied.

The interactional effect of 1 and L oa cured leaf
yield, found significant is presented in Table ho.15.

lable te, 15 ^
Average mired leaf weight as influenced by_..tto* interactional 

effect of ..appScatioir,̂5^ev<irW~%rtrop;en
~ ~ "Tm H sS e )

level ?•) Fg
I.,-, 31.89 31.87 fot sig,bJ 37.60 43.13 C.O, at 5,->
lz 45.13 53,33 - 1.316b% 61.46 70.73 °h{ 71,33 «33,e6 *»

P2 I, combinations were at all levels superior to Fj L 
except in the ease of control. Fg t L recorded the *'igheet 
value of nea» yield of cured leaf,

MM < L M - m s s L i ss£ ~ M jss.^l1sM.
The ratio of the weight; of Cured leaf to that of groan 

leaf was calculated with respect to all the trect/aent



-  49 -

combinations, the result is presented in Table to. 16 
and graphically represented in figures 12 - 14.

Table Ho.16
Ratio of cured loaf yield to weirot of green leaf.

n3
tovols «*•«■>. kvcrugo
  j j  ^  h  _________

Lq 0.200 0.214 0.214 0,213 0,214 0.21# 0,211
Lt 0,210 0.200 0.212 0,211 0,212 0.210 0,209
I g 0,209 0.207 0.210 0,209 0.212 0,20? 0.209

1»3 0.306 0,200 0.207 0.206 0.206 0.205 0,205
L. 0.205 0,204 0.206 0,206 0.20? 0,306 0,205

 -
average 0.206 0.205 0.210 0.209 0,210 0.203 0,206

Bone of the treatments appeared to have influenced 
significantly the cured leaf to green leaf ratio, which 
has observed to be 0.206, Tne cured loaf yield was 
about 21 per cent of the total weight of green leaf. It 
m s  observed that the ratio was slightly higher in the 
case of control plants than tnosc of the treated plants. 
Thickness. of 1 eaf:

The tuicknees of leaf was c>.presoOd ao weight per 
unit area. This was worked out by dividing the total 
green leaf weight per plant by its corresponding area, 
uean values of the weight in gras por sq. eras of leaf 
as influenced by the treatment are presents 2 la 
Table iio. 17. <



Average •■;oi -Ft s>£ leavoa In pm per square ca
’v>

Fertiliser Level Fi g 2 ____ Average
L0 0 , 0 6 1 7 4 0 , 0 6 2 0 2 3 : 0 6 1 8 3

Xi*| 0 , 0 6 3 1 4 0 , 0 6 3 0 6 0 . 0 6 3 1 1

N H 0 . 0 6 4 9 0 0 . 0 6 5 0 0 0 . 0 6 4 9 5

l,3 0 . 0 7 1 9 6 0 . 0 7 1 8 8 0 , 0 7 1 9 2

__ H __ 0 , 0 7 4 0 6 0 , 0 7 4 0 0 0 . 0 7 4 0 3

Average C M 3 6 7 1 6 O O Cfv * " 5 . 0 6 7 1 7

‘•O 0 . 0 6 1 8 4 0 . 0 6 1 7 3 0 . 0 6 1 7 8

I,, 0 . C 6 2 8 8 0 , 0 6 3 1 4 0 . 0 6 3 0 1

f ‘ 2 - 2 0 . 0 6 4 7 4 0 , 0 6 5 0 6 0 . 0 6 4 9 0

L 3
0 . 0 7 1 8 8 0 . 0 7 2 2 2 o , 0 ? ? 0 5

0 , 0 7 3 9 0 0 . 0 7 4 3 0 0 . 0 7 4 2 9

Average ~  V o S w T 0 . 0 6 9 2 5 0 , 0 6 7 0 8i
.
1

c 
. 1 1

0 . 0 6 2 6 4 0 , 0 6 2 0 4 0 , 0 6 2 4 4 *

L, 0 , 0 6 2 9 2 0 . 0 6 3 1 4 0 . 0 6 3 0 3

i:3 ~‘2 0 . 0 6 5 1 0 0 . 0 6 4 5 2 0 . 9 6 4 8 1

% 3 0 . 0 7 2 1 0 0 . 0 7 2 0 8 0 , 0 ? 2 0 6

Average
0 , 0 7 3 0 0

" o : 0 6 7 1 5 *

0 . 0 7 4 0 0

0 . O 6 7 1 4

0 . 0 7 3 5 0

0 . 0 6 7 1 6 "

t'ata Fean 0 . 0 6 6 9 0 0 . 0 7 7 2 0 0 . 0 7 2 0 0

’»?' ratio (at 5,3) for F aeon - 4.94 sig.C.D, (at 5 j) for i» ;<*o«ns - 0.0002 Inference: P2 F, 1,̂ L3 L2 13
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iifesvslts given in the fable indicate that the three 
sources of nitrogen did not Pilfer in their Influence on 
the thickness of leaf.

The difference between the saethods of application on 
their effect on leaf tUletooas was slightly significant. 
The superiority of 52 over Pj waa evident to aoao extent.

Lean values of leaf thickness corresponding to 
different levels of nitrogen were markedly different, a 
progressive increase of this character of the leaf with 
inc’xased levels of nitrogen was discernible.
.Studies af the chemical contents of cured leaf 

Total nitrogen
uanples of cured leaf fros five replications, each 

eoaprislng of 30 treatments, were analysed, average 
values of total nitrogen content are furnished in Table 
ao.tfi. The effect of va; ious treafessents on the total 
nitro en of leaves is diograoatically represented in 
Pig. 15.
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Table Po, 18

Total nitrogen content of ennsd leaf (dry) la 
percentage aa ia£L«aiceti by the srcatnents.

Ferti« Level* 
llaor.

Average

average

average

Average
***»•»■*•«»•»»•» imatrm
Data Loan

l0 2.20 2.21 2,29

h 2.48 2,30 2.39

l 2 2.53 2,42 2.47

h 2.91 2.83 2.87

J%_______ _
3.25 2,86 3,05
2,67 2,52 2.60

" h 2.22 T a r T 21”

p'j 2*40 2* 27 2.33
l2 2,46 2.34 2,40

% 2,60 2.79 2,69

% 2.65 2.77 2,71
»«*«■* **•*, »<i I1.  W W W

2.46
cm w tw u .W

2,47
W U ».I

2.47
IH IW W M H W m  ■*»» «* Mr

% 2,20 alio ?.20

h] 2.50 2.32 2.41

’■'2 2,50 2,41 2,45

h 2,86 2,01 2.83
h, 3.11 2,84 2,97

m n w i f U w i i K i H i M M

"*sr©3 * 2,52

2.50
T i ?

•»  #**.«•«*!

2.55
C.B, a t 5 y for 11 means 

do, F **do, L ”

- G.G124
-  0.0101 
- 0.0153

inferencei li) 1.3 Mg Fg L3 h,-> hi ij1

2
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The results summarised in the table show that 
there was significant difference In the mean values 
of total nitrogen as affected by the throe foms of 
fertilisers (f5j, l\%, and Uj), i-i tended to Increase 
the nitrogen content of leaves more tnaa and ĝ, 
while * 3 was superior to Tg in Its effect on nitrogen 
content.

Regarding the influence of the methods of 
application of £ertilis.er, the data revealed that 
the two motnods tP-j and Fgi differed distinctly in 
their effect on nitrogen content of leaf. Fj was 
superior to Sg in this respect.

The mean values of nitrogen content corresponding 
to the different levels of fortilissor were significantly 
different. The nitrogen content of leaves increased 
progressively with the rise in dose of fertiliser,

]~Vs Table !to»19 
Interactional. effect of methods .of application and daaes 

’ ~*~.'...... curedTcsF***̂ **"̂ *̂ *'̂

novel .-'.j F2

L"j 2.212 2,208
X"i 2,462 2.300

2,503 2.392
H 2.793 2.607

3.005 2,829
> M  w  aHIIIKNlIH

C.D, at 5p - 0.0217



54

The treatment combination ?■) L^ registered the 
highest value of percentage nitrogen content of leaf 
closely followed by F2 L̂ .

Percentage of nitrogen recovery 
These data were deduced from the percentage of 

nitrogen content of the cured leaf and total weight of 
cured leaf. The values, thus obtained are given in 
table Ko, 20.

Table Ho. 20 
Percentage of nitrogen recovery In leaves

Levels r1 F2 Average
Lj ■ --"~0 2g(1£) 21.05

Lg 17.14 27.82 22.48
L3 25,51 32.38 28.94
L4 25.50 32.36 28.93

~ Average " 2(454 ~5o7l7 25,35

Results furnished in the table show that the 
average recovery of nitrogen in leaves was about 
25 per cent. The mean values for and Fg were 
20.5 and 30.2 respectively. It was observed that 
the recovery of nitrogen increased tjifch the rise in 
dose of fertilizer upto Ly There was no difference 
in the mean value of recovery of nitrogen between the 
higher levels Lj and h4.
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Kieotine content; of leaves

Samples of cured leaf from five replications, 
each comprising of 30 treatments were analysed. 
Average values of the nxcotine content as percentage 
of dry cured leaf, are presented in fable Ho. 21. The 
influence of treatment combinations on the percentage 
of nicotine content of leaves is represented by
bajjdiagraa (figure 15).

fable Ho. 21
Hleotine content as oerccntaae of d o cured leaf.

Fertiliser Level " ” 2 Average

I*G 1.928 1.960 1,944
1*1 1.924 2.210 2.067

M1 1*2 1,928 2.250 2.089
1*3 1.946 2.484 2.215

_ J % _____ ^ 1.946 2 .7 2 0 2.333
Average ~ U 93U " 17325 2,130

1*0 1.906 H o i ’ " "17555 '
1*1 1.914 2.280 2 .0 9 7
h i 1.906 2.610 2.280& if .1.. 9v 0 2,680 2.325

___7.3 „  _ 1,970 2.680 2.325
Average 1.944 ~ s l w i ”

—*■» — —«■ 1 ■»»•»»<■ i — i
2.188

1*0 1.902 1.920 1.911
1*1 1.902 1.924 1.913

'-H l 2 1.950 1.956 1,953
1*3 1.968 1.970 1.969

_ _ H ______ 1,974 1,974 1.974
Average 1,940 1.948 ~ 1.944"
Data moan 77555 57555” “ 17555"
C.D. at 5$ for M means - 0.0343

" F " - 0.0284
" L " - 0.0160

Inference 14, l*̂ 1.̂  F0 F1 I<2 I*0
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The results summarized in the table show that 
the mean values of nicotine content corresponding 
to the sources of nitrogen (n.j, is2 and Lj) vary 
significantly. The highest nicotine percentage was 
obtained for ilg, followed in decreasing order by 
K1 and II3 .

Regarding the effect of the methods of application 
of fertilizer, it was found that soil application (F2) 
procured more nicotine content of leaf than foliar 
spraying (F-j).

The influence of the different levels of nitrogen 
on the percentage content of nicotine of leaf was 
highly significant. The higher values of nicotine 
invariably corresponded with increasing levels of 
nitrogen.

Potash content as percentage of dry cured leaf
Samples of cured leaf from five replications, 

each constituting 30 treatment combinations viere 
analysed. Average values of potash content as 
percentage of dry cured leaf are furnished in table 
Bo.22. Results are represented in graph (figure 
16 -  18).



Table lao, 22 
Potash content as percentage of dry cured loaf

Fertiliser Level F1 p2 Average

L0 3.508 3.482 3.495
L1 3.598 3.604 3,601

Ilj l2 3.634 3.616 3,625

L3 3.714 3.720 3.717

H 3.722 3.842 3.782
Average 3.635 3.652 3.644

Lo 3.516 3.470 3.493

h 3.504 3.618 3.561
i2 3.512 3.652 3.582

h 3.550 3.760 3.655

H 3.602 3.768 3.685
Average 3.536 3.653 3.594

i*o 3.432 3.454 3.443
L, 3.558 3.548 3.569

!'*3 ^2 3.632 3.636 3.634
3.670 3.778 3.724
3.690 3.836 3.763

Average 3.596 3.656 3.626
Data Uean 3.589 3.653 3.621

C.ft, {5,j) for means - 0.017
fl for L ” - 0.010

Inference f2 F,
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The three sources of nitrogen differ markedly 
in their Influence on the potash content of leaves.
The increment in the average potash content of leaves 
was lowest in the case of U-j and i'j did not 
differ significantly in their effect on potash content 
of leaves,

faith regard to methods of application, it was 
indicated that F-j and F2 did not statistically differ 
in their effect; o'a jxetaaiiS content.

The potash content of leaves was found to increase 
with rise in dose of nitrogen. Higher percentage content 
of potash was consistently obtained in the case of 
increased levels of nitrogen (I4 and L^),

Chlorine content of cured leaf 
Samples of cured leaf from five replications, each 

comprising of 30 treatment combinations, wore analysed. 
The chlorine content was expressed as percentage of dry 
cured leaf. Graphical representation of the influence 
of the treatments was made (figures 16 to 1 8).

i*ean values of chlorine content as percentages 
are presented in Table -,o,23.



Taole Ho. 23
Chlorine content as percentage of dry cured leaf
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Fertilizer Level F1 F2 Average

L0 2,544 2.1,92 2.518
Lt 2,540 2.562 2.551

Mi L2 2.550 2.564 2.557
l3 2.870 2.424 2.647

l4 2.974 2.040 2.507
A /e rage 2.695 2.416 2.556

L0 2.528 2.484 2.506
Lj 2.622 2.566 2.594

M2 1'2 2.636 2.514 2.575

L3 2.682 2.396 2.539

L4 2.780 2,404 2.592
Average 2.649 2.472 2.561

L0 2.518 2.466 2.492
Li 2.612 2.556 2.584

x53 L2 2.620 2.414 2.517
- L3 2.780 2.214 2.497

H 2.818 2.108 2.463
Average 2.669 2.351 2.510
Data Kean 2.671 2.413 2.542

C.D.
C.D.
C.D.

for K means 
for F saeans 
for L means

•» 0.038
0.259
0.191

Inference : H F
3 1

f2 l 1 l3" 2̂ L4 L0
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Hesults summarised in the table show that 
there was marked difference between the sources of 
ndtrogen in their influence on chlorine content of 
leaf. The increase in the chlorine content on 
account of fag was significantly greater than tiy, but 
was on par with

Foliar application of fertilisers (f^) tended to 
produce significantly higher percentage of chlorine 
than soil application (Fg).

Influence of the different levels of nitrogen 
on the clJLorine content of leaf was distinctly significant.

The chlorine content of leaves tended to increase 
with the higher levels of nitrogen ween applied through 
foliage, while the opposite was the trend noticed in 
the case of soil application of nitrogen.

The interactional effect of methods of application 
end levels of nitrogen on the percentage content of 
cnlorine in leaf found significant is presented in 
Table do. ?4.
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Table do, 2k

Inter.? etiosrul effect of methods of application and 
levels or nitrogen on tbe~pei~eentage chlorine content 

~ ^. rory) leaf ’ "

level ___ h ____ ..II.
L0 ""ilsso"" 1,487
-'1 2.591 2.554
l2 2.601 2.497
h 2.777 2.347
H 2.857 2.184

C,B. et 5I* 0.061 
Tne treatment combination, F-j corresponded 

to the highest value for chlorine and was statistically 
superior to all other treatment combinations.
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D I S C 0 S 3 I O J S  
Eesults of investigations on the response of chewing 

tobacco to foliar application of nitrogenous fertilizers 
are discussed ia Uie following pages,
(11 height aau number of leaves.

desuits summarized in table 80s. 3 and 6 show 
that foliar application of nitrogenous fertilizers 
at 4 grams of nitrogen per plant increased the 
height of plants by about 23 per cent and number 
of leaves by about 30 per cent over the control 
(figure Ho,2).

Data regarding the effect of different levels 
of nitrogen (table Eos. 3 end 6) indicate that both 
neight and number of leaves increased progressively 
with increasing levels of nitrogen.

the effect of nitrogen was manifest 60 days 
after transplanting and persisted through the growth 
period of the plant. It was also seen that neither 
the three sources of nitrogen, via. urea, ammonium 
sulphate aid ammonium nitrate, nor the methods of 
supplying the nutrient, (foliar spraying and soil 
application of solid ffertilizers) differed significantly 
in their influence on the height and number of 
leaves of the plant (figuro So,2),
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(2) Leaf area.
Observations (table Ho.9) on leaf area showed 

that the leaf area per plant increased on the average 
by about 95 per cent 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 Ho.7 indicate that 
of the three fertilizer sprays, urea induced greater 
incremeit 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 three 
fertilizers was discernible when they were applied 
to the soil also,

A study of the data (table Ho.9) regarding the 
influaice of different levels of nitrogen indicates 
that, irrespective of the method 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) 
reveals that there was 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 stea.
Results presented in table Mo,10 indicate that 

foliar application of nitrogen resulted in significant 
increase in girth of stea. The increase was to the 
extent o£ 22 per cent over the control in the case 
of the higher level, 4 sas. of nitrogen per plant, 
However, the increase caused was lesser than which 
was obtained by soil application.

Jhile comparing the effects of three sources 
of nitrogen, it was found th£t urea spray was 
distinctly superior to ammonium sulphate hue on 
par with ammonium nitrate in increasing, the girth 
of stem,

It was also noticed that increasing levels of 
nitrogen (3 and 4 g?ns, per plant] applied as foliar 
spray tended to produce greater girth of stea than 
the lower doses, Viz. 1 and 2 gas. However, no 
distinct; difference was observed between 3 and 4 gas, 
doses. It appeared that 3 gms, per plant was the 
optimum dbse as far as increment of girth of stem 
is concerned. Comparative results were obtained 
with the application of fertilizer to the soil.

It was further observed (table Mo.11) that the 
interactional effect of methods of application and 
level of nitrogen was significant. The treatment 
eonbination Fg produced the greatest girth of 
stea, closely followed by Fg L y



Thus it is seen that foliar sprays of nitrogen 
fertilisers had narked influence on height, leaf 
number, girth and leaf area of tho plants. Foliar 
application of nitrogen at the rate of h grass per 
plant produced on the average about 23 per cent,
30 per cent, 22 per cent and 95 per cent increcwnt 
In height, number of leaves, girth of stem and leaf 
area respectively. The findings in the present 
investigation are in conformity with those reported 
by several workers in other crops, Narayanan and 
?asudevan (1959) recorded in5iked improvement of 
height in maize, by foliar spray of urea, Schnoider 
and Synder (1960) obtained highly significant effect 
on shoot length in azaleas by urea sprays. Vankata- 
ramani (1957) recorded that H P K foliar sprays 
increased girth of tender branches in tea bushes,
Thoxac and hat son (1955) reported significant increase 
In leaf area in \heat plants sprayed with ammonium 
sulphate, Xakushkina (1960) reported that spraying 
sugar beet with ammonium nitrate accelerated vegetative 
growth of the crop*

IIsM*
Green leaf yield.

In proportion to the increase procured in the 
growth characters as leaf number and leaf area, the
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sprays of nitrogen enhanced the weight of green leaves 
also (figures 8 to 10). Data presented in table So.12 
show that foliar spraying at the rete of 4 grass of 
nitrogen per plant increased weight of green leaf by 
132 per cent over the control. It was evident that 
nitrogen applied as foliar spray was effectively 
assimilated and induced increase in weight of leaves.

The findings in the present investigation is in 
agreement with those reported for other crops by 
several workers. Pedas (1953) reported that tomato 
seedlings receiving urea spray made more rapid growth 
and produced 19*5 per cent increase in yield,
Kraysh (1958) obtained significant increases in yield 
in wheat by foliar spray of 1.7 per cent ammonium 
nitrate. Kuthy, Ferees and Warkua (1959) observed 
that calcium ammonium nitrate spray increased the 
yield of sugar beet by 20 per cent.

It was also found Stable Ho.12) that the 
different levels of nitrogen employed in spraying 
significantly influenced the yield of green leaf.
Higher mean values of weight of green leaf invariably 
corresponded with increasing levels of nitrogen.

& comparative study of the three forms (table Ho, 12) 
reveals that urea, ammonium sulphate and ammonium 
nitrate differed among themselves significantly in 
their influence on green leaf yield.



It was also observed that soil application of 
fertilisers (figures 8 to 10) tended to increase 
yield than foliar spraying with respect to all the 
three forms of fertilizers and all levdLs of nitrogen 
studied*
Cured leaf yield.

As already noted foliar feeding of nitrogen tended 
to enhance leaf area and weight of green leaves over 
control. A proportionate increase in yield of cured 
leaf was also observed.

Results summarized in table Mo. 14 show that 
foliar application of nitrogenous fertilizer at the 
rate of 4 grams of nitrogen per plant increased the 
vet git of cured leaf per plant by 123 per cent over 
the control (figures 8 to 11). It was quite evident 
that nitrogen applied through foliage had been 
effectively absorbed and utilized resulting in 
increase in the dry weight of plant.

The result of the present experiment is in 
agreement with those reported in tobacco by many 
workers. Hothes and 'i'refftz (1954) 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 tho 
extent of 13.3 per cent resulting from foliar 
application of aacronutrisrts were reported by

-  67 -
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hinkov (1959). Ivanosky (I960) also recorded an Increase 
of 12,9 per c®t in the yield of tobacco crop sprayed 
with a solution containing nitrate of ammonia.

It aay be noted that there is a wide disparity 
in the increase in yield, vis, 123 per cent over 
controls, obtained in the present experiment and 
those reported by Hinkov (1959) and Imosky (1960),
This variation appears to be on account of the 
difference in the experimental technique employed, 
dhile in the present investigation spraying of 
fertilisers was conducted on potted plants, Hinkov 
and Ivanosky worked with plants grown in the field, 
iweover, in the present investigation plants of a 
chewing type of tobacco which was known to respond 
remarkably to nitrogen were grown in littoral sand, 
while Ivanosky (I960) experimented with plants of 
the smoking type of tobacco, which did not usually 
show much response to nitrogenous fertilisers, 
grown on chernozom soil. Ivnoaky's experimental 
crop received usual basal manuring,

Results presented in table Ho, 14 also reveal 
that the effect of different levdis of nitrogen 
employed in spraying, on yield of cured leaf, was 
distinctly significant. There was a progressive 
increase in yield with the rise in the dose of
fertiliser.
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It was noticed (figure 14) that urea, ammonium 
sulphate and ammonium nitrate exhibited distinct 
diff'eraiees among themselves in their influence on 
increment of yield. The relative efficiency of 
the fertilisers in increasing leaf yield was in 
the decreasing order, !lf

The data further showed that soil application 
of the saae fertilizers in comparable quantities 
produced greater yield than vhich was obtained 
with foliar spraying of the fertilizer. It was 
observed that the mean yield of cured leaves from 
plants receiving soil applied nitrogen was 162 per 
cent ovor the control plants.
Foliar versus soil applied fertiliser.

In the present investigation it was observed 
that all the growth and yield characters of tobacco 
plant except height and number of leaves were 
influenced more effectively by the application 
of solid fertilizers to soil than the foliar spray 
of the fertilizers.

This finding is supported by those of many 
workers in various crops, I ortelaro, Hall and 
Jamison (1952) observed that compared to side 
dressing of sodium nitrate, urea sprays did not 
increase total weight or number of fruits in tomatoes.
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Brash or, Ueatley and Ogle (1953) did find significant 
increases in tomato yields from eleven sprays of urea, 
but they obtained greater yield increases at less cost 
from plots in which nitrogenous fertiliser was applied 
to the soil.
Differential effect of the fertilisers.

It was seen from the results of the present study 
that in influencing the vegetative growth aspects like 
leaf area, girth of stea and the yield potentiality 
of the plants, the three sources of nitrogen, viz., 
urea, arasoniu® sulphate and ammonium nitrate exhibited 
marked variation among themselves. Urea sprays were 
found to be invariably superior to ammonium nitrate 
and aiiaaonium sulphate, while ammonium nitrate produced 
better results than ammonium sulphate.

The beneficial effect of urea, may be due to the 
fact that it is highly soluble and is least toxic to 
leaf tissue, Hamilton, Palmiter and Anderson (1943) 
showed that urea at 5 pounds per 100 gallons of water 
did not cause any leaf injury, while ammonium sulphate 
at 3 pounds in 100 gallons of water resulted in leaf 
injury in apple. Furthermore, urea nitrogen is found 
to be absorbed and metabolized more rapidly, folk and 
He Auliffe (1954) demonstrated extensive absorption 
and distribution of urea nitrogen throughout the plant 
within 24 hours in tobacco.
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In the present experiment it was further observed 
that urea applied to soil also had more beneficial 
influence on growth and yield of tobacco than ammonium 
nitrate and ammonium sulphate. This result is also 
supported by the findings of Sen Gupta and Das {1962} 
who reported that wheat crop responds bettor to urea 
than assaonium 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 uroa in tropical and sub tropical climatic 
conditions. In the present investigation, tobacco 
plants, grown in littoral sand and watered daily 
with irrigation water of low P*1 value responded 
betuer to urea than to ammonium nitrate and ammonium 
sulphate which were physiologically acid fertilisers. 
height per unit area of leaf.

Results given in table Ho. 17 indicated that 
foliar sprays of nitrogen profoundly influenced the 
weight per unit area of the tobacco leaf, A progressive 
increase of this character of the leaf with increased 
lev&s of nitrogen upto 4 grams per plant was evident.

The same trend was also seen in the case of 
application of the fertilisers to the soil.

Increases in thickness of leaf resulting from 
nitrogenous manuring have been reported by 
Volodarsky (194-6) Batra (1950) Chandnani et, al. (1956). 
'and Chandnani, Thomas and Eeddi Babu (I960).
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total, nitrogen content of cured leaves.
Results preseated in the preceding chapter 

(table Mo*IS) show that foliar application of 
nitrogenous fertiliser tended to increase the 
percentage of total nitrogen content of dry cured 
leaves. The nitrogen content of leaves was observed 
to increase progressively with corresponding rise in 
dose of nitrogenous fertilizers upto 4 granswper plant. 
The increase of nitrogen content in leaves was greater 
when the fertilizers were applied as foliar sprays 
than as soil application (table Mo,19). Urea sprays 
tended to increase the nitrogen content of leaves 
sore than asuonium nitrate and ammonium sulphate 
(figure 15).

The tendency of the nitrogen content to increase 
in leaves consequent on foliar spraying of nitrogenous 
fertilisers has been reported by various workers, 
dako (1$60) observed that urea sprays had a marked 
effect on the nitrogen content of apple loaves; the 
difference between the leaves of treated and control 
trees was 0,62 - 1,19 per cent nitrogen. Oland (1950) 
reported that 4 per cent urea spray increased the total 
organic nitrogen content of leaves by 51 per cent 
within two days.

The increase in nitrogen content of leaves 
consequent on nutrlait sprays occurs not only because
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of direct aosorption of the applied solution through 
leaves, but also indirectly, by enhancing the uptake 
of nitrogen through roots. This phenomenon has been 
demonstrated by Thorne (1957) in sugar beet; he found 
that ammonium nitrate solution applied to leaves 
increased the uptake of nitrogen by the roots.

Jones and Steinacker (1953) and Kuykendall and 
V'allace (1953) observed that in the leaves of lemon 
and orange trees there was a more rapid increase of 
leaf nitrogen as a result of urea sprays than which 
was consequaat on a comparable application of 
nitrogen to the root medium.
Percentage of nitrogen recovery.

Results furnished in table No.20 indicate 
that the average percentage recovery of nitrogen 
obtained with foliar sprays of nitrogenous fertilisers 
was 20.5, while the mean value with respect to the 
solid application of fertilisers to soil was found 
to be 30.2. It was farther observed that in both 
cases the recovery of nitrogen increased with rise 
is the dose of fertilizers upto 3 grams of nitrogen 
per plant. Ko difference in the mean values of 
recovery of nitrogen between the higher levels of 
nitrogen viz., 3 grams and i, grams per plant was 
discernible. It was thus seen that the percsi tags 
of recovery of nitrogen decreased with the increase
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in <3o3e of nitrogen applied through foliage as well 
as by soil application,
Meotine content of leaves.

Results presented in the preceding chapter 
(table Wo, 21) show that foliar spray of nitrogenous 
fertiliser had significant influence in increasing 
the percentage content of nicotine in leaves, The 
increment 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 fertilisers were 
applied through soil than as foliar spray (figure 15).

A comparison of the differential influ®ce of 
the three sources of nitrogen (table Ho,21), ignoring 
the effect of methods of application stoowed that 
Ammonium sulphate caused higher percentage of nicotine 
then urea and ammonium nitrate. It appeared that the 
efficieicy of the three fertilisers (ammonium sulphate, 
Urea and Ammonium nitrate) in influencing the percentage 
content of nicotine was in the order =■ Hj. But
taking into consideration the influence of methods 
of application it could be seen that in the case of 
foliar spray, ammonium sulphate gave higher percentage 
content, of nicotine than ammonium nitrate and urea; 
urea sprays produced the least nicotine content. While 
with soil application ammonium sulphate was found 
superior to urea, and urea gave better results than 
ammonium nitrate.
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The finding in the presort study is in conformity 
with those reported in the case of soil application 
of fertilisers by several workers. Dawson (193&) 
stated that nitrogen assimilated as ammonia increased 
nicotine content of leaves. Bomer (1940) reported 
tnafc increases in nicotine content could be obtained 
by soil application of nitrogenous fertilisers in 
sufficient quantity. He found that ammonium sulphate 
was better than urea in this respect. Chandnani,
Thomas and Heddi Babu {1960) found that application 
of nitrogenous fertilisers to soil enhanced nicotine 
content of leaf in hookah tobacco.
Potash content of leaves.

Results given in the preceding chapter (table Ho.22) 
reveal that foliar sprays as well as soil application 
of nitrogenous fertilizers increased the percartage 
content of potash in cured leaves, there being no 
significant difference between them. The potash 
content was observed to increase progressively 
with corresponding rise in doses of nitrogenous 
fertilizers upto k grams*per plant. Urea sorays 
tended to increase the potash content of leaves more 
than ansnonium nitrate and ammonium sulphate.

The tendency of the potash content of leaves to 
increase as a result of foliar application of 
nutrients has been reported by Golikova (1959),
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he observed that IJMt sprays in straw berries increased 
potash uptake from che soil.

The influence of soil application of nitrogenous 
fertilizers in enhancing che potash content in tobacco 
leaves has been reported by Anderson, Swanbaek and 
Street (1932), Gowarkar and Shaw (1961) reported 
that in bidi tobacco soil app3 led nitrogen 
significantly increased the potash content of leaves. 
Chlorine content of leaves.

Results presented in the preceding chapter 
(table Mo,?3) show that foliar application of 
nitrogenous fertilisers tended to increase the 
percentage content of chlorine in cured leaves.
The chlorine content of leaves was seen to increase 
progressively with rise in nitrogen doses of the 
sprays upto 4 grams per plait (figures 16 to 10).
This cannot be easily explained, Thorne (1957) Ins 
demonstrated that the Increment Of nitrogen level in 
leaves resulting from foliar sprays of nitrogenous 
fertilizers to sugar beet might also be due to an 
enhancement in the uptake of nitrogen by roots, of 
the sprayed plants. The increase of chlo r-ina content 
in leaves of the tobacco plant receiving foliar sprays 
obtained in the present investigation may also perhaps 
be explained as due to some such mechanisms.

With regard to the effect of soil application of
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fertilisers on chlorine content of leaves, it was 
observed that with lower- doses of fertilizer vl*.,
1 gras and 2 g raj as per plant, there was an increase 
in chlorine content of leones; while at high®*' levels 
of nitrogen fertilisers as 3 gratas and i granswpor 
plant, the chlorine content appeared to record a 
reduction.

However, it say oe noted thuv the increment in 
percentage ciilorine content obtained in the present 
invest!gat ion tos well within the tolerance li’aiu of 
tobacco plants; the jiai.hJiun increase observed was 
only 2.97 per cant, Carner {1954i has stated that 
chlorino assimilation increases turgor, leaf area 
and bygroscopicicy in tobacco. Considering the 
fact that leaf size and hygroscopicity are desirable 
dualities in chewing tobacco, the phenomenon of 
increased chlorine content of leaves observed in 
the press’t in/eswlgation appeared to be beneficial.
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In order to study the effects of foliar application 

of nitrogenous fertilizers on chewing tobacco (Hiootiana 
tabaeeum h,) and compare them with those of soil 
application of solid forms of fertilizers, an experiment 
was conducted during 1961-63 at the Agricultural 
College and Research Institute, '/ellayani. The 
exp erimoi tal lay-out was of split-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 kilograms of soil) were investigated. Spraying 
of nutrient solution was carried out at fortnightly 
intervals, beginning from 30 days of transplanting 
the seedlings. One per cent solutions of pure 
fertilizer salts were used for spraying. Observations 
were recorded on all important growth and yield 
characters,
I, Growth characters.
(1) lieight and number of leaves.

(a) Foliar application of nitrogenous fertilizers 
(urea, ammonium sulphate and ammonium nitrate) at 4 grssis 
of nitrogen per plant increased the height of plants 
by 23 per cent and the number of leaves by 30 per cent 
over the control.
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(b) deither the three sources of nitrogen nor the 
methods of application differed significantly in their 
influence on height and number of leaves per plant.
(2) Leaf area.

(a) Foliar spray at k grams of nitrogen per plant 
enhanced on the average the leaf area by 95 per cait 
over the control.

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

(c) Irrespective of the method of application 
and foxm of fertilizer, rise in the dose of nitrogen 
produced a corresponding increase in leaf area.

(d) Soil applied fertilizers were significantly 
better than foliar sprays in their effect on leaf area.

(e) Third order interactional effect among forms 
of fertilizers, method of application and levels of 
nitrogen was evident.
(3) Girth of stem.

(a) Foliar sprays at L grams of nitrogen per plant 
increased the girth of stem to the extait of 22 per cent 
over the control,

(b) Urea spray '.;ac distinctly superior to ammonium 
sulphate, but on par with ammonium nitrate in increasing 
the girth of stem.
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(c) Increasing the levels of nitrogen (3 and 4 
grams per plant) tended to produce greater girth of 
stem than the lower doses (t and 2 grams per plant).

(d) interactional effect between methods of 
application and levels of nitrogen was significant.
Soil application of 4 grams of nitrogen per plant 
produced the greatest girth of stem, closely followed 
by soil application of 3 grams of nitrogen per plant,
II. Yield character's.

(1) Green leaf yield.
(a) Foliar spraying at the rate of 4 grams of 

nitrogen per plant increased tho weight of green leaf 
per plant by 132 per cent over the control,

(b) Higher mean values of weight of green leaf 
invariably corresponded with increasing levels of 
nitrogen.

(e) Urea sprays gave green leaf yield significantly 
greater than at was obtained with ammonium nitrate * 
and ammonium sulphate,

(d) Soil application of fertilizers tended to give 
greater yield of green leaf than foliar sprays.

(2) Cured leaf yield.
(a) Foliar sprays of fertilisers at 4 grams per 

plant increased the weight of cured leaf per plant 
by 123 per cent over the control.
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(b) The relative efficiency of the three 
fertilisers (urea, ammonium sulphate and ammonium 
nitrate) in increasing cured leaf yield was in the 
decreasing order WflAyfflg,

(c) There was a progressive increase in yield 
with the rise in the doses of fertilizers,

(d) Soil application of the same fertilisers in 
comparable quantities produced greater yield of cured 
leaf than which was obtained with foliar spray of 
the fertilizers,

(3) freight per unit area of leaf.
(a) Foliar sprays of nitrogen profoundly 

influenced the weight per unit area of leaves,
A progressive increase of this character of the 
leaf with increased levels of nitrogen upto 4 grams 
per plant was evident,

(b) Soil applied fertilizers induced slightly 
more increase in the weight per unit area of leaf 
than comparable fertilizer sprays,
III, Chemical contents of the leaf,

(1) Total nitrogen content of cured leaves.
(a) Foliar application of nitrogen increased the 

total nitrogen content of dry cured leaf.
(b) Urea sprays increased the nitrogen content 

of leaves more than ammonium nitrate and ammonium 
sulphate.
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(c) The increase of nitrogen content in leaves 
was greater when the fertilizers were applied as 
foliar sprays than as soil application,

(2) Percentage of nitrogen recovery.
(a) The average percentage recovery of nitrogen 

obtained with foliar sprays of nitrogenous fertilizers 
was 20,5 j while the mean value with respect to the 
soil application was 30.2.

(b) Recovery of nitrogen increased with rise in 
the dose of fertilisers upto 4 grams of nitrogen per 
plant. But the mean values of recovery of nitrogen 
corresponding to the higher levels (3 and 4 grains 
per plant) did not differ greatly,

(3) Micotine content of leaves.
(a) Foliar sprays of nitrogen had significant 

influence in increasing the content of nicotine in 
leaves.

(b) Increase in nicotine content was greater when 
the fertilisers were applied to the soil than as 
foliar spray.

(c) In the case of foliar spray, ammonium sulphate 
gave higher content of nicotine than ammonium nitrate, 
while ammonium nitrate produced greater increase than 
the urea.

(d) tilth soil application, ammonium sulphate was 
superior to urea and urea gave higher results than 
ammonium nitrate.
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(4) Potash content of leaves,
(a) Foliar sprays of nitrogenous fertilizers 

increased the percentage content of potash in cured
leaf,

(b) Potash content increased progressively with 
corresponding rise in dose of nitrogen upto 4 grama 
per plant,

(c) The Increase in potash content was greater 
when the fertilisers were applied to soil than as 
foliar sprays.

(d) Urea sprays tended to Increase the potash 
content of leaves more than ammonium nitrate and 
amnonium sulphate,

(5) Chlorine content of leaves.
(a) Foliar application of nitrogen tended to 

increase the content of chlorine in leaves.
(b) The chlorine content of leaves increased 

progressively with the rise in nitrogen dose of the 
spray solution upto 4 grans per plant.

(c) With soil application of fertilisers, 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 grams per 
plant) the chlorine content of leaves recorded a 
reduction.



The following broad conclusions say be drawn 
from the results obtained in the present investigation:-

(1) Foliar spray of nitrogenous fertilisers 
increases the vegetative aspects of chewing tobacco, 
like height of plants, number of leaves, leaf area 
and girth of stem,

(2) Foliar application of nitrogen favourably 
influences the yield characters la chewing tobacco 
such as weight per unit ares of leaf, green leaf 
yield and cured leaf yield.

(3) Foliar feeding of nitrogen increases the 
total nitrogen, nicotine, potash and chlorine content 
of leaf.

((,) Brea is the ideal spray material.
(5) The percentage of recovery of nitrogen is 

higher in plants receiving nitrogen through soil
than in those which are sprayed with raitri ent solutions.

(6) As compared with foliar sprays, soil 
application of solid fertilizers produces greater 
increase in vegetative as well as yield characters 
in chewing tobacco.
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Height of plant on 30. 60. 75 and 90 days after 
.............. transplanting

(Analysis of variance)

Appendix - II
Table No.

Factor B.F.
30 
M.S.S.

65 
M.S.S.

75 
M.S.S.

90 
M.S.S.

Total 1t9 ai.7 6 2265.55 3801.71 4296.87
Block 4 1.67 5.28 9.75 1.83
Forms (M) 2 0.32 1.79 1.29 0.35
Error-A 8 4.59 32.65 19.04 7.97
Methods (F) 1 0.32 0.05 3.50 0,00
I s f 2 0.25 1.54 0.95 0.81
Error-B 12 3,77 16.98 29.24 16.95
Bevels (L) 4 17.26 Q 2032.41 * 3529.15 4179 • 64 :
M x L a 7.81 7.77 24,90 8.44
F x h 4 1.67 2,51 1,97 6.28
M x F x L a 10.91 19.49 25.64 2.11
Error-C 96 33.19 145.08 156.28 72.49

* Significant at 5 per cent level.



Number of leaves per plant on 30. 60. 90 and 115 days 
after transplanting.
(Analysis of variance)

Appendix - XII
Table No.

Factor D.F.
30 60 90 115
M. b . S. M.S.S. M.S.S. fo.S.S

Total 149 33.79 137.97 323.07 250.294
Block 4 0.16 2.44 2.64 1.761
Forms (M) 2 0.41 1.05 0.37 0.654
Error-A 8 0.72 2 ,2 8 1.96 2.525
Method (F) 1 0.05 0.14 0 .1 6 0.100
M x F 2 0.13 0.94 0.38 0.656
Error-B 12 2.32 7.52 3.16 2.298
Levels (L) 4 0.22 95.17 * 280.30 -218.964
M x L g 1.26 1,55 2.30 1,676
F x L 4 0.19 0.93 0.74 0.006
K x F x L g 1.53 2.59 3.22 4.740
Brror-C 96 26.80 25.80 27.84 16,914

* Significant at 5 per cent level.



Appendix -  I V

Table Ho.

~  -----  ---------  t  ^ v- * S ”

(A n a ly sis  o f  v a r ia n ce )

F a c to r D .F.
30 

M .S .S .

60 

M .S .S .

90 

M .S .S .

115 

M .S .S .

T o ta l 149

Block 4 228 .46 3 0 .5 7 7 3 2609 ,94 2014 .9

Fortns (M) 2 2 0 3 .9 5 * 2123918* 10979095* 8095029*

Error-A 8 9 .4 7 2 5 .536 33790 .0 1393.5

Method (F) 1 0 .01 1790880* 14270285* 9988720*

15 x  F 2 9 3 .9 2 8 1 5 7 0 .6 6 * 3336916* 329341*

E rror-B 12 27 .0 0 93.11 5606.25 2 172 .2

L e v e ls  (L) 4 139.31 4985532* 42530988* 34845730*

H z L 8 1 58 .74 1 3 9 2 5 2 .5 8 * 1 020190 .3 * 7346282*

F X  L 4 125 .19 1 35748 .54 * 772021.6 762526*

S x F x l 8 2 04 .26 1 1 1 8 1 .0 8 * 1 1 9 3 6 8 ,0 * 5 9 9 4 2 .2 *

Error-G 96 79 .00 7 2 .5 40014 .9 2 6 9 0 .4 *

* S ignificant a t  5 per cent level.



G irth  o f  atom 

(A n aly sis o f  varian ce)

Appendix - ¥.
Table Bo.

fa c to r B.f. 3,3, K.3.S, Farfsmce * ? ’ from 
r a t io  ta b le  5/»

T otal 149 44.49
sleek 4 0,04 0,01 1,11 3,84
Ponas (13) 2 0.178 0.089 9,32 * 4.46
Error-A 8 0.072 0.009

Methods (F) 1 0,05 0 .05 12,50 * 4,75
»  !*' F 2 0.0 0 0 ,0 0 0 ,0 0 3.83
Error-B 12 0.05 0.004
L ev e ls  (L) 4 42,66 10.67 1333,75 * 2.48
a  » i ,r" S 0.48 0 .06 7.26 * 2.06

f  »ei. 4 0 .1 2 0.03 3.61 v. 2.48
ii p 5 1 & 0.04 0,005 0,60 2.06
fim r-C 96 0.80 0,0083

* Significant at 5 per cent level.



A ppendix -  W 

Table Hd.
Green weight of loaf 
(Analysl s of variance)

Factor D.F, 3.8,

Total 149 1230751.34
Stock 4 40.80
FotWB (II) 2 81874.37
Irror-A e 43.60
Iethods (Fi t 48240.68
liqj F 2 2380,32
Error-B 12 19.60
levels (1) 4 1045871.68
£•■ §1 8 33157,32
5"® 1 4 16920.98
It f XI1 8 1688,02
Error-C 96 618.00

K.8.S. 7arf.cn eo *F» Cron,ratio table 5S>

10.24 1,87 3.84
40937,17 682,83 •• 4.46

5.45
48240,68 3015.06 4.75
1190,16 743,86 * 3.88

1,633
261467.92 40854,23 * 2,48
4144.665 647,51 2.06
4230.245 640.73 « 2.48
211.0025 33.53 f 2.06
6,4365

* Significant at 5 per cent level*



Table No.
Weight of cured leaves 
(Analysis of variance)

Appendix - VII

Factor D.F. S.S. M.S.S. Variance
ratio

’Fi from 
table 5$

Total 149 49039.59
Block 4 7.020 1.755 1.35 3.84
Forms (M) 2 3124.70 1562.35 1201.55 * 4.46
Error-A 8 10.33 1.291
Methods (F) 1 1871.96 1871.96 2078.97 * 4.75
K x\F 2 90.40 45.20 50.12 * 3.88
Error-B 12 11.01 0.0175
Levels (L) 4 41762.55 10440,6375 5556.37 * 2.4 8
M g L 6 1262.56 157.82 83.54 * 2 .0 6

F $ L 4 648.69 162.1725 86,15 * 2.48
M F x L 8 69.77 8,721 4.53 * 2 .0 6

Error-C 96 180.60 1.881

* Significant at 5 per cent level.



Appendix -  ¥111

Table No,

(A n a ly s is  o f  v a r ia n c e )

factor B.F. p . p . 11. 3 . S . Jariance !F* from ratio table 5$

Total 149 0 .003569026

dock 4 0.000001356 0,000000339 ( I  2 .0 2 9 3 .8 4

Forms (II) 2 0.000000291 0 .000000145 ' 0 .8 6 4 .4 6

Error-A 8 0 .000001342 0 ,000000167

Methods (F) 1 0.000000351 0,000000851 4 .9 4 8 * 4 .7 5

n (x f 2 0 .000001835 0 .000000942 5.47 “ 3.88
Diior-B 12 0 .000002064 0 .000000172

l e v e l s  (1) 4 0 .003526747 0 .000881686 40 8 1 ,8 3  * 2.48
r. x l 8 0 .000005925 0.000000741 3 . 4 3  * 2 ,0 6

4 0.000001633 0 .000000408 1 ,8 8  * 2 .4 8

H F (x } l 8 0 .000006177 0 .000000772 3 .5 7  * 2 ,0 6

Ercor-C 9 6 0 .00020755 0.000000216

- . - . a -

*• Significant a t  5$ levo l.



Appendix - 3U
Table Ho,

N itro g e n  co n te n t o f  l e a v e s
7. >1 V- '- . •/■ . 1J
(Analysis of variance)

D»P» Varianceratio

Total 13.7427 149
‘.’hole plot 2.1541 29
Seplication a 1.1981 2 0.08285
Forsna (t'.j 0.4824 2 0.24120
r.ethods (r) 0.2904 1 0.29040
11 x F 0,1657 2 0,03285

Error (A) 0.0175 20 0.00088

Sub-plot
levels (1) 10.5633 4 2.64082
b 3C ii, 0.4223 8 0.05279
t l f 0,2336 4 0.05840
iillilF 0.2843 8 6.03554

Srror (S) 0.0851 96 0.00089

94.1477 * 
274.0909 * 
330.0000 $
94.1477 *

2967.2130 - 
S9.31A6 •* 
65.6179

* Significant at 5 por cent level.



Nicotine, content of leaves 
(Analysis of variance)

1 Appendix - X
Table Ho,

Source S.S. D.F. M.S.S. Variance
ratio

Total 11.2655 149
Wnole plot 7.1737 29
Replication R 0.5420 4
Forms (M) 1.6191 2 0.80955 116.148 *
Methods (F) 3.2737 1 3.27370 469.684 *
M x F 1.5995 2 0.79975 114.742 *

Error (A) 0.1394 20 0.00697

Sub-plot
Levels (L) 1.6245 4 0.40613 419.984 *
L x M 0.6465 8 0.08081 83.570 *
L x F 1.0330 4 0.25825 267.063 *
L x M x F 0.6950 8 0.86875 898.397 *

Error (B) 0.0928 96 0.000967

•* Significant at 5 per cent level.



Potash content of leaves 
{Analysis of variance)

Appendix - £1
Table Mo.

Factor d.f. S.S. M.S.S. Variance
ratio

•F* from 
table 5%

Total 149 2.1579
Block 4 0.7570 0.18 9 2 3.84
Forms (M) 2 0.0249 0,1245 4.46
SErro r-A 8 0.0107 0.0013
Methods (F) 1 Co. 0^5 0.0015 'T, 4.75
M x F 2 0.1149 0.0574 3.88
Error-B 12 0.0115 OS?0095
levels (1) 4 0.0197 0,0049 'f* 2,48
M X 1 8 0.1329 0.0166 2,06

F x L 4 0.9410 0,2352 i 2.48
M x F x L 8 0.0168 0.0021 2.06
Error-C 96 0,1269 0.00132

*  Significant at 5 per cent level.



Appendix - XII. 

Table Ho.
Chlorine content of leaves. 
{Analysis of variance)

Factor C.F. 3,3,

Total 149 6.6787
Clock 4 0,6157
Feme {M) 2 0.0768
brror-A 8 0,0546
fethods (F) 1 2.5298
11 x F 2 0.1370
Error-B 12 0.0249
revels (h) 4 0.1075
Li 8 0.1567
? x L 4 2.3346
t P a l 8 0.4307
Crror-C 96 0,1312

H.S.S, Variance •?' froa 
ratio table 5,j

0.1539 22.65 $ 3.84
0.0384 5.64 4.46
0.00682
2.529® 1264.9 4.75
0.0685 34.2 3.88
0.00207
0.0268 20,42 2.48
0.0195 15.06 -A 2 .0 6

0.5837 429.2 2,48
0.538 39,6 rt 2.06
0.00136

* Significant at 5 per cent level.
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